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« a box of cast-iron. B is a ^pper to contain the hot water, and »f . ^ * «^a ^iS^lf "^fbefng 

e, C 18 the smoke-pipe. FFGf is the preae. made of Btroag cast-iron, ana ^JT^" . x^ i^^ 

3 and let down £ *Se water at pWureTby means of «i3« I> r>. at ^.^'^^'f^^^ ^y 

. J. The axles of these pinJoos cros^ the machine and hare each a wheel at the ^°^J^°^% 

fl, or BcrewB cut upon the axis and turned by the handle H: The preaa i» fir"'def »° "?f ^^hl horn 
>»v irronveB in th« ai^^ «!• ♦K^ i^;i«- iin.«/«„:„„j ♦ ^f iii^ water, the moulds, witii tne nom 



,__»», V. .^«; wo *.uu upiju uie luus ana curnea oy zne nanaie n. -» "^^ i'- *-— 77 ■» i j« ».»« « iio linm 

t>y grooves in the side of the boiler. Whe/raised up out of the water, the ^^^^*^%^ ^ t«^ 

- fl«-8hell between them, are put beneath the presser, and a severe pressure ^P"^"^^PJ |"™" 

-rheel K. ThU wheel has kn endless screw R upon its axis, which works the teeth of a laree 

fixed on the top of the screw P. The screw is received into an interior screw formed witlnn 

r presser I, which is guided and prevented turning round by tbe cKJss-bar E, thrown wnicn 

9«r is fitted; bv this means, when the screw P is turned round by the wheel L and endl^ 

le horn or tortofse-shell is pressed between the moulds ; the press is then lowered ag^ain mto 

r of tlie boQer, in order to be stiU further softened by the lx)iUng ; but when the press is down 

.iler, the screw can be screwed tighter by turning the wheel K until the desired impressi^ is 

By turning the handle H, the press is then rawed up out of the boiler, and by turmn^r back 

il K the pressure is released and the moulds can be removed. j _j r 

3. The power of a Aorae when applied to draw loads, as well as when made the standard of 

.c»i3 for determining the value of otter powers, has been variously stated. 

Ixa-tive strength of men and horses depends, of course, upon the manner in which their strength 

-^. Thus, the worst way of applying the strength of a horse is to make him carry a weight up 

[II, while the organization of the man fits him very well for that kind of labor. And three 

lying up a steep hill, with each 100 lbs. on hb shoulders, will proceed faster than most horses 
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^aJces m uie oirection of traction, and thus dispenses witn tne necessity of his inclining so 

^^ird as he must otherwise do : and may, therefore, under this point of view, relieve the 

4^j-e than to compensate for the additional £atigue occasioned by the vertical pressure. Carmen, 

^^rs in general, are well aware of this, and are conmionly very careful to dispose of the load in 

g-ier that the shafts shall throw a due proportion of the weignt on the back of the shaft horse. 

j^ disposition of the traces during the time a horse is drawuig is to be perpendicular to the 

Vise collar upon his breast and rtioulders: when the horse stands at ease, this position of the 

^ Jier inclined upwards from the direction of the road ; but when he leans forward to draw 

^^ traces should then become nearly parallel to the plane over which the carriage is to be 

]§£ ^^J^i^ff^^^ »*» drawing a sledge, or any thing without wheels, the inclination of tlie 

— road should be about 18^®^ when the friction is one-third of the pressure. 

pge «8.]***^® to move in a drcular I>»<i^ m w often practised in mills and other machines 

rs««» ilT ,1 "^^^sessary to give tlie chncles which the animal has to walk round the 

^^*«ter that wiU comport with the local and other conditions to which the motion must be 

^t i» obvious, mdeed, that» since a reotilinear motion is the most easy for the horse, the less 

^ jEi<5b b« moves IS curved, with the gr^^^r facility he will walk over it, and the less he need 

^ vf^***^??*;"^"^ : and besides thM, with equal velocity the centrifugal force wiU be less 

,^ circle, wmch will proportionally aii^mish the friction of the cylindrical part of the trun- 

ja^boroi moving the machine. And, further, the greater the cfiameter of^the horse- walk. 

9 ebord oi tHe circle in which the horse draws is to coincidence with the tangent, which is 

^tageous position of the line of traction. On these accounts it is that, although a horse 

circula/ja Ik of is feet diameter, yet m general it is advisable that the diameTer of such 

V>J ^""K^ h^ni^ ^^.^' »^ feet ; ^^ *^ many instances 40 feet would be preferable to either. 

^^ ^^^^^e^u^^^VH^*^ anti ^^ ^^'^"•i^^^^^i^^ Tt^^y^ daily*in drawing nearly 

-*^ -I ^""""VA^^^S eight hours in the day, fbout 200 lbs, at tlie rate of 2i mQes per hour, or 

•nd. If the weight be augmented to about 240 or 260 lbs, the horse cannot work mo% 

* ^^I^nf^U^''^ ''^^ » lew velocity. And, in both cases, if he carry some weighT he 

^ than If he carried nonT M- Sauveur estimates the mean effort of a horse at l?ft 

^^oird. pounds, with a ve?^ty of rather more than t^ree feet per seconA But all^Ue 

a b«b to be continued f^ eigbt hours, day after day. In Smotiier place De^aLuU^™ 

^ork of a horee as equi^Illot to the raising a hogshead full of wateV (or 66^!b^V 60 

mute. But Mr. Sm^^n to ^^^"^ authonty much is due. asserts, frim a number o^ 

^* the greatest effect iTThe raising 560 lbs. forty feet high in a niinute. aS. f^^ 

t^ cnade by the Society foi?%c Encouragement of Arts, it was concluded that a h^ 

.t^ ^^..^'•^f .'"Jjles an Z^^Jar exert a force of 80 lbs. The nroper estii^tT would ~ 

^j-es the weight that a k ^T^^ould draw up out of a well ; the animal actimr K^ „ u 

ci fts mucn as possible. ,.. 

,. *..! u._ . ^^ ^^^ g^v^ject of -horte-powerr His expression for the 
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^^s i» » ^y' «»d ^ ▼eight of the carriage to that of the 
^t^i "peed in milsB per hour, when the horse is unloaded. 



HORSE-POWER. 




L.._,p,H in the inner periphery of 

Tie cogi of the pinion of the plunet-wheel take into the cog» ""TTf^n mra of the planet-wheel 

of tiia ba«e-fraino. and which ma? be called tlio m»»lor-wbeel ; "^iJ^l p^t tiiat pa»t» throu^ 

,^ the cog- of and driv^c the centoJ pinion on the upper enil of » ^j„ „,„■* to it. the driving-pulley 

,TS freely but accurately in the cenll^l hollow etaaSknl, which la adapteO lo ii, 

,^yed on Iho lower end nnd below the hub. , , ,.„a„n the lees, to any place 

'^d from the driving pulW can be carried under the frame and P*™*?" Xivi^ Dul ley cin be 
^in the uenal mar.cef to /ri™ any piece of maehiDery ; but if d«»^i^*f''tbe^,Ci%heel i- 
^ to the centHLl shaft above the antral piuioo, Fi?. 22M. J^ -f^fl and ar£r • and in like 
.^^i«l> » hole in the wheel which deliwr.'it at thelunctioo of tje f ^"^ ""^ bV^urk« the oil 
•*^e central rf-aft and the sleeve that turn, on the central atandar.l ^;:'\P^^^^^^J^^^d, and 

» hole in the central pinion, which delivere it on the upper end of the Donow »«uh«" 
' grooved te direct the oil to its inner ud onter periphery. 
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^^_^„g»l to c«ny U» belt from u,, hortioDtnl puUeT ™J«' "1» «>irt-I>«U' o" which the bone walko. 

■^ " ^ppa'**™ "a made light and porttible, resta on the case-frame, and turns on the central 

^S^J^j^fi iDsltos part of the base .frame -without supporta or bearings at the top. The whole Can 
-^^ r-t f*"" tra^pot^tiod and can be »»?■'" P"' togctlier with ease. The whole strain comes 
j^ •- ^ J^'^.i — -♦■"'i ^T '"e boUow standard whif^h bein^ cast with the base-frame will resist any strain 
(V ^^ ** ^Suppl'*"' *" ''*■!■ the horses employ^'' '" '^''"'^ '^^ machina The sleeves of the wing and 
i-» ^r-^ Sio ce"'"! standard are or may b* '^^ '"'"' ""^ ™**^ 
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«ng«l«»«r,J.*sft„^^^ ^^^ fl»vp.xh,««»P^t-.tf.Wtt« floor ab™ 

^ta and machinaa I, " ftf" pla«d on a re»ol,ing platlijm, which passes backward 
^ever thowSTt'.*"'"*^:- sfeoglh m di»i.mg »™.n.t a fixed resistance, so that the 
!?nXnurv w^ ?^'» »* % from bia place. A bores may act within stiU narrower 
.-^ W S «^he ci^^JLS^^^'^ of a Urge vertioal wheel, or upo« a bridge ^^^^ 



HORSE-SHOE liACHlNEL 




>T roUed tothe Bhape desired, b pennitted to Srop out f, « V^ ««" "*SS.T?«^k^ ^^^^ 

i agaiDBt it on Uie moTing-frame's return motion, pBmuto tKe cam m, ^*^i *t r^^ ^^^t 

U,pr, to cloee Uie moving-jaw *. It wiU be ^Vr^ that when. the ^^1?^'^^^^-^, ^J^n 

itfl forward motion, then the cam m strikes a^aiost the atop «. ^^9^.1^"^^-^i^^^^^T^ ^ 

rinar- aw k bv strikimr lur^in.* ♦»»« «*«« •. «rhf^fc .u^r^^ fj>/^ niece of iron, which may tiave Deen 



ring-jaw k by striking against the stop p, which allows the piece of iron, whicH ™J P*/^^^ 
►r shaped to a horse-ahoe, to drop from Wween the side steels or irons / /. «, a <^™®*, ^r°2 
pr-bolts on the top of the side steel or iron /; ^ a chisel fastened by Bcrew-bolta m tHe ctiisei 



8267. 





-^ be obseryed that the box wu turns on a pin in the moving-frame, -which, when the crank 

0^}c the moTing-frame, the head or box part strikes against Uie pin or piece of iron w, and 

n the chisel t against the chisel «, and cuts off the piece of iron to the length intended for a 

v, a piece of iron intended to' draw back the chisel-box w w w, as seen at Fig. 2268 \ xxxx^ 

which the moying>frame slides backwards and forwards ; y, a piece of iron to lay the bar on 

while in the act of feeding into the machine. Z Z end view and section of the posts through 

_ pollers « i are fastened and revolve ; A, piece of iron or stop vyhich g^raduates the length of 

'^aece of iron having a hole in it, through which the iron or stop A passes, which graduates the 

^l3oe ; O, the piece of iron which prevents the shoe from being drawn back by the chisel on 

e?el A previous to the swedies pr^sins ^^ ' 



''edges pressing it between them. 




Fig 
the rack ^ 
the undesT 
by the 
cfigs AA . 
steels or < 
swedges ^^ ^ 
the rmerB "* 
and revoi 

T\g.22 
pieces of m 
iron as bei** 
£ E, any 
served thit^ 
cutting o^ 





^- i.!f 1 ^®^**«i of inaAbi<*«- ^ Begmcnts which are festened into the rollers • i • C 
^Bj^hes or works into tkf^T^er segment A, the cogs of which bemg twice^T W^^K r 
^^nt A permits the rackT ^S^*« ^^ »*» ^^^^ ^^«° P^^«* backwa^and fo^S^Ji ^ 

hedges Vd, with p^ P***Jeedges E E. are fastened, it the m^n^lL^PffJl^J ^^ 



^^^ooal elevation of t^-_. " ^ *b« madane. ti,the rollers in which the 8wed0>A« «-:*v « 
'^Bwedges E E are ^V* ^S I '' "^ *** ^« **»de »*«e^ "^ i«»8. H reor^^Sr^^'**^ *^*^ 
^^ into a ho^eTh^^^n^ill ^^ll^ Y^'^^^ ^'^7 «r«ndi^ ^e »teeU^ PJ!^ ^^ 
^^ taper required c^ J^ ^iVe«> ^ ^? ^^«* ^^ '»«« «' *^^ mari^d H if^ii 'Il'^K?' 

:, or drawingT^ST S^ ^^^^ ^ "^"^ ^'' horse-shoes, ^d that ^^2267if^ 
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HORSE-SHOE NACHINE. 




-cl 2273. 0. cap which confines the piece of iron while in the act of hending around the piece K. 
rented by the dotted lines at Fiir. 2273. - . ^ «« *ht* Ahaft a a 

t273,8ectfoD of the irons K and S These two pieeea, K aiul X. are {«f*f °f 4«Te^^n^^ 

.er.ed sides up from what they appear in the drawin^r- The dotted lines ^P^°J ^^P' 
jned on the nW^ of ir^o T. Ji\. .JrlL.K^ifi. Th« can is about one inch thick, ana aeryes 



fastened 



;ened on the piece of iron L with screw-bolts. This cap is about one MJ^J^TT:.? 
of keeping the iron dode up while in the operation oi bending arounU tne piece o* 



iron 
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eureof the operation is as follows: — „ . , 

- Fig. 2267 represents a section of the machine, having the upper roller t removed, so as to 
^ distinctly the interior arrangement oF the machine. Suppoeing a pulley of about four feet 
.^^ere bolted to the arms of the fly-wheel c, (which is omitted in the drawing.) and to which 
communicated by a leather strap or belt from a corresponding nulley on a shaft connected 
-wheel or other |>ower • it is evident that every revolution of the fly-'wheel c w^ould move 
or moving-frame ff backwards and forwards, giving motion to the dififerent parts of the 
described and tthown above. 
"Imposing the crank e«?, by the connecting-rod ct, had pulled or drawn the moving-frame ff 
*^^ aj» to cause the button or cam m to strike against the stop f^ the cam o would also strike 
istop J»% <^°d consequently push back or open the moving-jaw A:, which turns on a pivot at 
id- And supposing the moving-frame Jf were pushed back on the brasses x x, and towards 
X, ai tbe motion a hot piece of iron (previously rolled to the desircid size) were intix>duced be- 
i de steels or irons I /, it is evident that the cutter-box u u w would strike against the stop tr and 
chisel t against the chisel «, cutting off the necessary length of iron to make the shoe ; and 
^ ^oving-fra^ne be drawn forward by tJ:»e crank e, the piece of iron, being confined by the side 
-^a / / on ***« sides, would be rolled o*- shaped by the vertical steels or swedges & E, when 
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•^»«5*-~ «tiu intended for tli*» neeis oi uie snoe ; out it is round by experiment 

ji*<>» square, and so grinding the steel or swedges £ £ as to flatten or roll down the middle 

j^«.ving the ends square for the heel« «f the shoe, makes the best shoe. 

\ ^i»ving explained the process of c\xtt\ng the bar or rod into suitable lengths, and rolling or 

'^^^*** suitable for horse-shoes. it rem^^^'n^ to describe the method of pun<^'ng and grooving 

j^^ving *"^®*^y stated that the machine for grooving and punching is precisely the same 

tM^ve <}®f^^^a for rolW or shapings ."*« shoe, wiUi the exception of the upper swedge, 

tuted tor the a wedge Represented i" f >«?• 2271 : supposing in a machine every way similar 

roUin^ or shaping the shoe, as described under the first head, (with the exception of the 

in |»^" <^[ which the on? represented by Fig 2270 was substituted,) the piece of iron 

t^m the ijrst machine were introduced between the side steels or irons I /, and the machine 

£ t is evident it wouLi be grooved and punched and drop out of the macliine on the 



mov 




-:,eiied m the same manner as the piece dropped out from the first machine, as descHb^ 
^liead- 

*^"5 ^t^K^'li.***® manner if* ^^^^*^. P*^ ?* ^^^ *°^ punched, it remains to 
^^nt, which IS the last operation. The piece of iron beina^ now rolled or shaped as mav 

^^'2272^^0^4*^'' «roo%^d ^^^ punched, is mtroduced mto the machine, as^hown and 
*Mr. Burden's claim : 



1*1 the machme for rollino. Ar^-^^'T shaping horse-shoes, as described and represented 
, 2272, M a whole a« /aI?' ^^r<^^9^^* w^^ely, those parts called side steels or irons // 
»« piece of iron intendtTl r<r>r ^ horse-shoe, on the sides, whUe it is roUed or shaned h^ 



- ^« P««^ "t iron intended fc>»" * "y*"^.-""'' "" ".'« '^'"'^ ^""« « »» roUed or shaped by 
^^^es E E. I also clahl V>»<? vibrating or recipro^ting motion of moving-frame f? 
•^^i^n to all the oth«r ^^^}^^ g- t^lie madune, which enables the operator to feed ud tho i«t« 

^ ff\r^ ^' °^ accurately, and rollmg and shaping%.em at Se 



^^^ehoes to the^stop ^""^ 




.gjie above-named reci»^ 
. whether it be mer^i?*' 




^.jjg inolian. whether it be by side steels or swedges aa 
ir«— » tu oe merei;.^ ^^^^ ""^ ""TT" -^^^""^^ rollers, the one having a Kr«>v4 or 
cut the shape of thi^ t.^ tl^eo^t having a tongue so shaped as to fi^t thTS^^e 

iVl»^ry. «f«^d tongue t>^^1^^^ ^^^ "" ^^ '^^ ^" '^"" '^^^' '^^ »o«^« P^rts £^It 
TJ^ desired. ^ ^^ira^ j , , , , 

■^ved that if <«H> rollers ^^ ^^^An'^U^^ ^T ^^^^J* , ^*^t?^' ** ^^« ««d by two 

=^1t;e other end of 011^4^^ ^^t^f^^^. ^/^« «?^^l*r ^ the wheel M on one of the ^ftT^ 

-C-'^*'.,-:^. k-. :... _"® ^ere r***^ j^jg into said wheel, connected to a crank in every r^p^ 



jfcchine, ha\ing a rack 
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, oonstituteB one easential difference between fluids and aoUds, aolids prcaaing only dtnonward. or 

direction of gravity. 

" « upper surface of a gravitatii^g fluid at rest is honsontaL . _ ^^u^^ miWW^ i^iJ «r 

e pressure of a fluid on eyerypartide of the vessel containing it, c^ of any ^"^^'^.f™^,^ T^7, °J 
— , in contact with it, is eqiil to the weight of a column of the fluid, whose base is equal to that 





and whose height is equal to its depth below the upper surfkce of the AumL 
, therefore, any portion Jf the upper p«irt of a fluid be replaced bv & pw^tof ^f, ▼«?» ?Ji ?!J?J!3" 
aiost this from below wiU be thelamTwhich before supported the weight of the fluid r^ved, 
^rj part remaining in equilibrium, the pressure on the bottom wiU l>e the same as it would if tiie 
-vircre a prism ot a cylinder. v.i *• 

:ence, the smallest given quantity of a fluid may be made to produce a pressure capable o' .bus- 
»ny proposed weight, either by diminishing the diameter of the column and increamn^ its height, 
rK<3rea8ing the surface which supports the weight It is upon this principle that the hydrostatic 
I made to operate. See Htdeostatio Pbbsb. , , ^ _ . , ^ xu 

30 pressure of a fluid on any sur&ce, whether vertical, oblique, or honaontal, is equal to ttie 
o/ a column of the fluid whose base is equal to the surface pressed, and height equal to the dis- 
f the centre of gravitv of that sur&ce below the upper horizontal surface of the fluid, 
oids of different specific gravities that do not mix, will counterbalance each other in a bent tube, 
a^ir heights above the surface of junction are inverscdy as their specific ^^ravities. 
.^tSon of fluid will be quiescent in a bent tube, when the upper surface in both branches of the 
iim the same horizontal plane, or is equidistant from the earth's centre. And w^ater poured down 
K3<7h of such a tube, (whether it be <» uniform bore throughout or not,) -will rise to its own level 
^Iser branch, 
-crater may be conveyed by pipes from a spring on the side of a bill, to a reservoir of equal 

, ascent of a body in a fluid of greater specific gravity than itself arises from the pressure of 

cipwards against the under surface of the body. 
r^'M^re ofprewure is that point of a surface agamst which any fluid presses, to which if a force 
^g^e whole pressure were applied, it w^ould keep the surface at rest^ or balance its tendency to 
^ove in any direction. 

.f^tre of pressure of a parallelogram, ^vbose upper side is in the plane of the horisootal level of 
jf , is at f of the line (measuring dowii^w^^rds) that joins the middles of the two horiaontal sides 

f"^ UelOgTB**!. 

tyc^s^ ^^ a ta^Ungular plane coincides with the upper snrfiu^ of the water, then the centre of 
^M ^ '^ r i?* ^-f. '** *•«« drawn, fronn' the middU of the ba9e to the verUx of the triangU. 
y^^ vertex of the triangle be in the upp«r sur&ce of the water, while its base is horizontal, the 
. .^^^^'"^V* ^j* ^f^^ line drawn fro9T9. the vertex to bitect the baee, 

^ l^eadth and d the depth of a rectiuagulM' gate, or other surface, exposed to the pressure of 
^x *o5L*® i^'?t ^^^ **>« entire pres»«re is equal to the weight of a prism of water whose 
^ hd^- yt,\ib and </ be in feet, then the whole pressure = 81^ 6 cT, in pounds. 
^t« be in form of a trapesoid. widest at top, then, if b and 6 be the breadths at the top and 
^,«ctiv«ly. and <f the depth, 

^^ole pressure in pounds = SU [i (b — 6) -f 6] d^. 

^^H^^tfc— If any hody float on a fluid, it displaces a quantity of the fluid equal to itself in weight. 
^sentwojgravity of the body and of the fluid disphiced, must, when the body is at resl^be 






'^ ^''^^ i!!^.**"**^ **»t will not mi^ (" water and mercury,) and a soUd of some interme- 

^ ifTTmrnp!^'?^'^^ «nder the surface of the lightw fluid and float on the heavier, the 

^^ ^^ *5 ***« l»eavier fluid, w to tiie whole solid as the difference between the spe- 

f,f tne solid and the lighter fl«i<^ is to the difiference between the speciflc graviUes of the 

^^^r^vcSSS^^ to^ir*^^*"^ ^y WiU carry without sinking, may be estimated by reck- 

^^''te*^*'?*^*^^^*^*** *^5* *^/." ^"^f- Y^^ ** ««* <5obic foot, 
^^tooo wtach contamed 96^1>ic feet, would susUun a load of 4§ cwt. before it would 

:;^proxiDiation, m which the diflfe**"^ between j\ and i that is, ^ of the whole weii 



whole w^eight^ is 



em- 




gnivity 
forces 




case, a baige 60 feot i,^*^. ^* ^^^ ^^^^ * ^®*P' '^^ ^»wing 2 feet of water 

'%y* the meaanre of the tiygr^^ 

^^tU^.—^ a body float 

f bodytothesp^ar^^ 

^j^icb they act upon bodL^ 



60X12X16 ,^« H, 

1 =^«2 X^* = 18** + 273 = 18711 cwt. = 

,^ih which the haige acted upon the pile. 

f|ui<^ *5 pwt iuuneTBed is to the whole bodv »« «}i«. —. :a 

*^f the AuSl (See Oeayity and Spi»,fio qZl^^^ specific 
.e«»«e which relates to the motion of non-elastic fluids, and th 
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en R and b are very great, 



n 




W — ^log, (s-hW ^ 

= ,i /SOT ,\ ^^,y^ 

\8* — ilog.B / 

logarithmfl underetood here are the hyperbolia and are found by multiplying the commoo loga- 
by 2-3026861. ^^ 

elope remaining the same, the velocities are as ^H 



velocities of two rivers that have the same declivity, are as the sq^uare roots of the radii of their 

is 80 small, that v' a — i — o, or a = ^V. *^e velocity will be nothing, which is agreeable to 
«nce; for in a c^Iindric tube R = i the radius; the radius, therefore, equal two-tenths ; so that 
! is nearly capillary, and the fluid will not flow through it. 
elocity may also become nothing by the declivity becoming so small, that 

807 , ^Q 



A 



bat 



■a than 




8*-il0g.(8 + tS) 

600000 * ^ ****** tV **f ^ '^^"^ *** "^ English mile, the water will have sensible motion. 

^iver, the greatest velocity is at the surface, and in the middle of the stream, from which it 
f^€3S towards tl)e bottom and the sides, ^where it is least. It has been found by experiment, that, 
^fae square root of the velocity in the middle of the stream, expressed in inchcss per second, unity 
^^^bcted, the square of the remainder is the velocity at the bottom. 

^ if the former velocity be =v, the velocity at the bottom =v — 2 v^ v + 1. (A.) 
j.,^.«san velocity, or that with which, were the whole stream to move, the dischars^ would be the 
j ell the real discharge, I3 envoi to'half the sum of the greatest and least velociUes, as computed 
yt proposition. ^ 

^»n velocity is, therefore, = v — v^ » -+ i- (B.) 

also proved by the experiments of I>« Buat 

^he water m a nver receives a penxxAV^ent increase, the depth and the velocity, as in the ex- 

'^^^^' are tne fiwt things that are augmented. The increase of the velocity increases the action 

]«s *5 J^fK™'J!S *^**n8«quence of vi^-liich the width is augmented, and sometimes al«o, but 

Jy» J® ^^m'- ^^® velocity is thus aiminiahed, till the tenacity of the soil, or the hardness of 

^^ePora a sumcient resistance to the force of the water. The bed of the river then changes only 

r^i t>I«5 de^ees, and, m the ordinary langTiage of hydraulics, is said to be permanent, thouirh in 

^ ilmis epitnet IS not applicable to the csourse of any river. 

^ ^\^& sections of a river varv *Iia /maotity of water remaininir the same* fli*. mAan v/>l^w»;f:<»a <»,^ 



the .r««.ofa.e SOOTS'""*"*""'^ 



remaining the same, the mean velocities are 



^^e h»PPf*^» "* ^«"der tb preserve the ejune quantity of discharge. 

- j4C^^>«f^°^®' »*>ridged^froin Du Baalj serves at once to compare the surface, bottom, and 

'^ -eies in nvers, according to the fonoul* (A) and (B). '^ 
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-^'*^o^t:tf^''*the t,ott<.- — "» <5re«e« u« .or cnablmg „, to jodge of the 
^5,f soil ••»» a certain « ^ _s * v «><»«**f* ^Ui «l»e lUliiUty of the channel a —- * 

'%.Vle the watered ^^°'^it «P' «»» a .mdW Yetodty would i>^^^^ deS^^'% 
^termk from ab^«^^ % no* «»^>». Aen, for the .UWUt, Sf a ^y^ th^Fit!^'^!^^ 
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.-»= nf wat«r diflcbargod 
.. IB (A* «■*■ or 6o«o« of «.««(».— If y equal the ^"'f'.'CL.Ztrh the ftperture, « i 
^ . the velocity of .he «(fl«™t wster in feet per ^^^^J^'^^ ^thTw-t^r, w 
. in Bquare mc£«, and A the beigbt from its eeotre to the Burtace o 

v = VA;i^! = -'"''"/*= ^^.^^ and Oiav^uBrf which. 
ia ■ coDBtDDt qunotitj. depeodiw upon the mturB of the «peixurB. — " 
iliSerent forms, ia GontaiDed in t£e laUowing: t»We : — 




the upper row, and in the column below it, and oi>po8it« 




»,^ '^_^cteroftlie pipe'etandrnTtiTtbe Uat wJumn, will be found the perpendicular height of 

, _^Lad. "■ 'V'^ 'icliea, and tenSiB, re^^w"** *" »'ef«™« ">" fr«*.iMi of such pipe for lOO feet 

V „bt».n the g„en velocity. _ .. :. ..^.. . ..:^ „, . .. .. _ 



,d, «» inferred from e 






tera, ana ;j; 

oorTB»por"<»^ 

ifnbeflig _ -^ 
ofB'sitebt*^':* 

In tie f*"^^— ■ 

■reaoftb*' ,-^ 

When *i'^^ 

board, or t^*^ 



_ , tbird (wlumn containing the quantities of 

'eino~.4".no«»W 'n*^" '" Scotbuid, and eiamiiied by Dr. Robison. who 
d^1f"^« l-t«* 8"""'' "'"' ""' "■''='' i'' deJ-ced from Du Duafe 
'—rouW'won'mend it th^£r«>,Wlbe engineer to employ the third column in his practice. 
^VTj quBTferaofaainch 1^1; iO the table for sa many uichee as the depth contains qiiar- 
•-^c eighth part of the ao^ ««■- '"'"'' ** '"'^ **''* P""^ "'' ^^ ^as, which 

j^^ ' di^^harged inS^^\?:_,« •"P^'^v*^ fl» width ; to obt«n a correct meamire of it. 
^^JllTor leiigth of lhe^?*°*^ra ^'^^^^ <" + " "> '"°«'' ">« q-^tity for one ineb 
'A -'*uK t^""^ ^''^\t^X"'l^»,bid. the diachar^e 

'LJ^*-'"«tin rfVsuTo' r ' ^« *^d^^' '.""' " ^'™°' *" ^"P* "^ «"> edge of the wast*^ 
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aneet to me<uure the velocity of running ««/^*— For theee purpoeee, various coDtnvancea 

2 i^roposed, of which two or three may be here described. . ^ . -_. . ., ^ ^^^lonitv luvl 

.e It be the velocity of the water in a river that is required ; or. indeed, botb **/ Tt^Y..™ 

ity which flows down it in a given time. Observe a place where the banks of ^« "7/ F® 

nearly paraUel, so as to make a kind of trough for the water to run through, ^^^.^ taiung 

at various places in crossing make a true section of the river. Stretch a string at ngnt ^^ 

il at a small distance another parallel to the firet Then take an apple, an o»;angf-_,<>' <»"?fJ 

just so much lighter than wateTas to swim in it, or a pint or quart bottle partly filled with 

throw it into the water above the strings. Observe when it comes under the Jwat string, Dy 

. quarter second pendulum, a stop-watcK or any other proper instrument ; and ^jserve like- 

Jt arrives at the second string. By this means the velocity of the upjper surface will be 

Jind the section of the river at the second string must be ascertained by taking vanoiw 

l:>efor& If this section be the same as the former, it may be taken for the mean section : if 

, j>tii together, and take half the sum for the mean section. Then the area of the mean section 

:^ieet being multiplied by the distance between the strings in feet, will give the contents of the 

43lid feet, which passed from one string to the other during the time of observation^ and this 

of three may be adapted to any other portion of time. The operation may often be greatly 

r taking notice of the arrival of the floating body opposite two stations on the shore, espe- 

' it is not convenient to stretch a string across. 

invented a stream measurer of a simple construction, by means of which the velocity of any 
^x-eam may readily be found. This instrument is composed of two long tubes of glass open 
^0 : one of these tubes is cylindrical throughout ; the other has one of its extremities bent 
^ right angle, and gradually enlarges like a funnel, or the mouth of a trumpet : these tubes 
^d in grooves in a triangular prism of w^ood ; so that their low^er extremities are both on the 
standing thus one by the sine of the other, and tolerably ^^ell preserved from accidents. 
g3 which these tubes stand is graduated, dose by the side of them, into divisions of inches 

gjs instrument, plunge it perpendicularly into the water, in such manner that the opening of 

'ii the bottom of one of the tubes shall be completely opposed to the direction of the cur- 

^ -water pass freely through the fminel up into the tube. Then observe to what height the 

\^t each tube, and note the difference of the udes ; for this difference will be the height due 

^y of the B^am. it is manifest, that the water in the cylindrical tube will be raised to €he 

^0 the sur&ce of the stream, by the lnydrostatic pressure: while the water entering from 

t>jr the funnel into the other tube, will be compelled to lise above that surface by a space 

^ill be sustained by the impulse of tHe moving fluid ; that is, the oKHnentum of the stream 

.jiJibrio with the column of water euatained m one tube above the surface of that in the 

itiDO*'*^ ^he velocity by means of tliis instrument, we must have recourse to theory as 

^jcp^rimenia. Thus, if A, the height of the column sustained by the stream, or the differ- 

*^ in ^^J^? ^^oes, be in feet, we sHaJl have v = 6-5 -^ A, nearly, the velocity, per second, 

^ - if A oe in inches, then » = 22-4 V y'^ nearly: or further experiments made with the 

^elf roAJ a httle modify these coeflficdents. 

*"^ ^^^'Sciln? ?^» « ia a good approximation, to mtdHply eimtitwuaUy togeth^, the area 
t/^ nwnoer 886, (886 = 6-6 X 66,) ««^ '^ *9^re root of the depth in feet of tike middle 

^ preceding exanaple, it wiU be i X i X 886 X </4'26 = i X 836 X 2062 = 178-2 cubic 





■^ Jil^cC^ Ji ^"^^ ^« shall ha^ 

-^^ ^^WtiSTL V!*® *® ^ess than ^/*« '-"«» *'=»'^"' "jr uuuui, ics wuutn part. It is, there- 

^y^womauon, considering iu 8iniph<»^y *. »t may, in many cases, supersede the necessity of 

^^'^?nf JL^*^^^^^^^ The pToducUon of electricitv by the passage of steam through 
oDknown tiU 1840. it j^ rJ^ generally concludecf that it i« the effect of the fr^^n 

^^^\^F^ t*>e sides of t^e ^P^"^! ^'^ ^^^. ^^ ^« rapid passage of^he 
^t of this tt to render the atoam or water positive, and the pipes from whic^ it iLuc^ 



^^e-cbamber, makin» tK "" ^to««l !«■«* »' *^e Iw"!" »« «nd » half feet • itTrtii™!*!; 

Zcs*^^ to be applieti for^ ^iarppse ot exduding the light during the proBrresTSf^^ 
, J^^nts; F is tfc ^^^ *»»e **. E *« teed-yalve; J J are two tubea l^diS-^^ ^ 
^ *^Z two tubes H • A a«,i«*^^ forty Bbc beat iron tubes, terminatingin iV^iS.it^i ^* 
1*1^ ia«y be opened K.** * «*5^ of the lever QG, Lis »\.lve for ulj^^*i±!5 ^K"' 
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HYDROMETER. 




^Dloved on 8i«.aU tilt or trip hammers; a belt P^^^gJ^^'^f.^^'Z^K'^^^^cl^^^ 
^^:21tL^ motion to tlie pulley whenever a bifid^ brin^ the belt m c^^e cc«iacf 



HtoD the motion, the tipper end of the oeSllating binder-frame is P'-f f?^^^Xv on the 

r S^^ievts the belt, and a lope attached to the periphery of a ^^\V^^r^ ^% 

incr ovel a puUey fixed on the 'horizontal driving-shiift, and fastened at the other end 

Sf tub a^te as a fricUon-brake to retard the motion of the shaft, and ^"^9"^"^^^,^] 

-een the binder-frame in extreme positions a movable weight is placed on the handle 

be frame, which sUdes from one eSd to the other of the rod. as tlie bmder is raised or 

this hvdro-extractor is about three and a half feet in diameter ; and in full action, 

jt 80U revolutions per minute. The driving-belt is about eiglit mches wide ; the 

J^hteen inches diameter. ^ n • t ii 

^'tei in operation at the Bay State MUls, in Lawrence, and at the carpet null in Lowell ; 

-^r-nilar in the main principle are employed in many of the mills m this country, and 

■ ^isfaction. j *i^ ♦! 

^^R. An instrument for determining the specific gravities of liquids, ana tnence tiie 
t^uous liquors ; these being inversely as their specific gravities. \ arious instruments of 



Specific Gravity. 




ve been proposed for ascertaining readily the specific gravities of fluids, but only two 
are deserving of description. 

er represented in Fig. 2278 consists of a hollow glass ball B, with a smaller ball C 
nd which, from its superior weight, serves to keep the instrument in a vertical position, 
:h it may be immersed in a liquid. From the large ball rises a <^lindrical stem a d^ on 
ed divisions into equal parts ; and the depth to ^vhidi the stem Tvili sink in inrater, or 
fixed on as a standard of specific gravity, being know^n, tbe depth to ^which it sinks in a 
cific gravity is required, wul indicate, by the scale, hovr muc^ greater or less it is than 
ard liquid, 
lebrated are the scales of Baumd, Gartier, Twaddell, and Ouy Lfussac. Most of these 

<ary, and formed after the ideas of their projectors, but having no particular reference by 
tJe understood. 

I hydrometer, by Gujy Luasac, is an exception, the extreme points S278. 

al^lute alcohol ; tms space is divided into one hundred parts, 
alcoholic mixtures tlie per rentage of alcohol in the liquid. They 

ass, brass, and silver, usually from six to ton inches long, of the 

-' in the cut, the graduations being marked on the stem. 

the C<miparcUi\*e SealeA of Guy Lussac and BaumS, %mth th^ 
^cific Gravities and Proof at the Temperature of 60°. 
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That is tc 
gravity i^ 



•ion of Ba%vme^% ecede. Manufn^«^ •»> 

. ^alueofthe degrees on his sS'''S^^^/JJP%^^'"^/ Hydrometer, or have occasioa 
—^ ^, ^ "^^tie, may find the followmg formula useful • "**^« occasion 

: liaum^^s degrees, and 100= water. Then ^^i^^ — 

Specific gravity = _ili-. 
^ay, 144 divided by the difference Vw.* 1*4 — B 

-l^estioo. auted in reference to wa^t^^"^^ -^ *« ^^"^^^^'^Tt^ '^^ 'P^^' 
Specific irra vit V = _ ^ ^4. , ^ , "^^^ ^^aume _ 66«. Then 



Specific gravity = 



or 



144 



= IS*^ = Bpecific gravity. 
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t\^^ afluare of the diameter of the cylinder by the »iafir«Mtude of the po ^^ 

<:J»^^^Se Biiuare of the diameter of the forciig-pump, and the quotient wm P- 
^^^c^are on the piaton of the cylinder. . - , ^k« limine 

^ \^eTn^-«^ ^'^^"^ (^> ^« d-d-1 ^^ ^' *^" «""^"*^ expression for the value 
>ver required, ifl ^^ 

i' = -^- 
rule which this equation supplies, may be expressed in words at leogth in the fol- 

♦liP «ven pressure on the piston of the cylinder by the square of the ^'^^^^l 
aSr cUvide Sie product by the square of the diameter of the cylinder for the power 

* the equation (A) be divided by p, and the square root of the quotient extracted, the 
:j^ for the diameter of the piston, is 

V p 

n rule for the determination of D, or the diameter of the cylinder, naay be expressed 

ssure on the piston of the cylinder by the square of the diameter of the for- 
product by the force with which the plung^er descends ; then, the square root 
diameter of the cylinder sought. 

f the original equation (A) be divided by P, and the square root exf^acted, the general 

» value of d, or the diameter of the forcing-pump, becomes 

tical rule which this equation supplies, may be expressed in -wxyrds in the folio-wing 

ly the force with which the plunger descends by the square of the diameter of the 
"ide the product by the entire pressure on the piston ; then, extract the square root of 
the diameter of the forcing-pump. 

^ is the theory of the Hydrostatic Press, as restricted to the consideration of the diame- 

nder and forcing-pump, and the respective pressures on the piston and plunger ; but 

neut is generally furnished with an indicator or »afety-t>cUve for measuring the intensity 

theory would be incomplete without considering it in connection -w^ith the diameters oi 

-^linder. For which purpose, 

I*ut 6 ^ the diameter of the safety-valve, expressed in inches or parts, 
a.nd «o = the weight thereon, or the force that prevents its rising. 
^2ig to the principles announced, we obtain the following analogies, vix. 

I>» : «* : : P : w, 
d* : ^ : : p : 10 ; 

analogies, by making the products of the extreme terms equal to the products of the 

D«io = ^p (B) 

and rf*io = a* J, (C) 

>r to pursue the expansion of these equations, we shall suppose the value of a to be one- 

.ch, while the numerical vaJues of the otlier'letters remaii the same as supposed for i^ 

es under equation (A); then, to determine the corresponding value of^^^^ ^J^ 

3 the safety-valve from rising, when all the parts of the istrunfent. or the^ever^ t£^^ 

^iuW * '***" "' equiLbnum, we have the fSlowing examples to r^s^lve a^r^^T^^ 

.«"u^n'^eSton"^f^he lyUnderYs' llo^^w'ltT irtr/"'^""^^ i- ^' ^ '^^' ^^^ ^- 
^v^ S D^^^ ^^ ^'PP^^^^^^^ ""'- preventing 

^atiorCB) ^i^e^^^^* ^ = i of an inSr, and P^= 18750 lbs. ; consequently, by subsU- 



"by division, we get w = 



ButtlK 



Les 



the indii 
the we^j 




5««, = .25» X 18750; 

•O625X18750 ,^,,^ 
25 ■ =46-876 lbs. 

eneral expression for the value of •« « j • ^ ^.^ *i, 

® OI to, as derived from the equation (B), becom< 

««P 

ich we derive the following rule : 

tultiply the entire jn-essure on tho »^; * v j * 

»r or safety-valve, and divide fK-T I**'**^^ of the cylmder by the square of th« ^;-^ * 

requi«d. "• ^'"^'^ 'l'^ product b, the «!««« of the di2Kr of ^e ^l^'f^f 
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KYDB.OSTATIC PRESS. 

,, what ia the diameter of the 
.. the force ^th which the plunger descends. Is .50 Ih.; ^^^^^ ^^ ^^^,^, 

^ , — i of an inch, to = 46-876 lbs., and /> = '760 IDb- » 

^^ g»^®*l LrJo) becomes 

^•^imarkea^. 46-8'76rf« = -26« X 750; 

,, -as* X 750 _ . 
visioa. ^e «^*^ ^ =-56¥76 ^' 

i.-«rr the square root, we get rf= 1 inch. r^iimn. as derived from equa- 

extracting *^^ 3^^ ^^^^ '^^ ^^^ diameter of the forcing -pump^ as 
expression iw 

V^ to 
xve obtain the foUowing practical "^« = ^ . ^^^^^ descends by the square of the 

the general equation expressing ite value. transverse section of the cylinder, 

equiKbriam, is j^, ^ 

P=^,andP = -^; 
if n denotes the pressure in pounds avoirdupois on one square inch of the piston, then 

enote the cohesive force of the material employed in ^^^?^^^??f^^ts^^l^^ *^t 
1 r tiie interior radius ; then, in order that tte strain produced by the pressure snau no 
ic power of the material, it is necessary that 

»=FT-r ^'^^ " = --+-*• 

«e of « be comoared with ite respective values, as indicated in the equations preceding. 
• the follol~™ ex^^^sions. for t&Tthickness of metal in tbe cyUnder to resist any pre.- 
elastic power of the material remains perfect, via. 

Pr or ■« •''^ 

*"" -786400* — F* ■7864cd*— p 7854 c a« — «7 

if for c in each of the preceding expreBsiona, we substitute its value as determined by cx- 
d which for cast-iron, according to Dr. Robison, U 16,648 pounds avoirdupois upon a square 
re shall have 

t = £l (E) 

18076D« — P 

t = El (F) 

18076d» — p 

f— ' ^^ ....(G) 

18076^ w' 

^ constant number 13076 = 16648 X "7864. 

.lowing example wiU illustrate the use of these equations, the value of t^ the thickness of the 
'XEfting out the same by each. 

xnust be the thickness of metal in the cylinder of a Hydrostatic Press, to resist a pressure of 
,«*. ; the diameter of the ^hnder being 6 inches, that of the forcing-pump one inch, and of the 
^ ve one-fourth of an mch; being the same dimensions which we have employed in the pre- 
^h-^unpies t 

^**!I,«TiIn"/Ji^i^*^^^ ^^ *' I> = 6 inches-, and consequently, r = 2i inches ; therefore, by 
.mod, equation jL gives * » - * » .^ 

80000 X 2i 

18076 X 6* — 300o3 — ^* >«»cHeB, being someiWng more than one-fourth of an inch. 

that the entire pressure on the piatoa of the cy^'^*^ ^»y ^ ^V^ to 80.000 Iba. according 
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. ,^. what is its power.* 

.^ «M lO inches, ^" 

.^ of the crylinder in a hydroetatic presB, w ^ . „^ 

rxK« iliftffie*®*^ •* • «- QO 1-86 tons. 

* lie d»ft"r^,oit 1 T> _ io« X 20186 == 2»i ''"^.^ ^^,^3 power t 

does It tra* ^ ^y^^ ^^^^ ^^^^ ^g i^Te, P = lO ^ * ^ prese of 8OO tons y^ 

Ci®'^^* . *v.« diameter, and what the Ihicknese of ^etai, 1 ^ ^02-81 nearly ; 
^What 19 ^^® ^ _,e above we have, V* = SOO-tJ:?!®^ To X.^H«« • 

^*'??^ preceding Example, have been «»°lTf;f' 5'^eirScceU«"* P'^hj J^d«5 
«oee e»P^°^* ^^ their assuming i higher number as AeUmi^jj^*;i„„ that they recK 
'«7«'-,^ 8666 lbs. upon a ^^ i°<* °^*^«P:^i^'^e adopted as the \>^J^°l^^^^e 

-i^ "^TrrS^^^'onlyTsmesfl V being a <^erencc oj^^^^t^f fcU Si the s.de of 
^X^Ztneednc^Jregarfedin^racU^^tb^^ i«,^t any attention 

•1854 D*' 
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: to equation (D), it is « — ^^Ti » 

p _ii_. 

comparieon, we have i^ggf^i — r + < * ^ ^ . _^ , „^ 

by multiplying and substituting tiie cohesive p^er of cast^mm, we have 

substituted in this equatioL. instead of D^ its equivalent, and we shall obtam 

(<4-r)P = 62804r*<; 

52804 y^< __ 28-86 r* < 

-3ure of 180 tons ; query, if ito power is not overrated 1 
According to the above rule, it is P = ^3 12O-08 tons , 

-t^y. the power of the press ia overrated hy about 60 tons, being one-third less than the esti 
lure according to the question, _ . _ . — . « 



^^S^^^Sf n^:c^?y"r;;^ist a pressure of 180 tons, or 408 200 lbs is equal to 17^ i|^h^ 

STthe proposed thickness is only 4 inches, being less than one-fourth of the thickness which is 

«.««UT toVesLst the strain ; hence we infer that the press, in its present state, is fn"^'?,^: 

it« intended purpose, and altogether inconsistent with safety and precision of operation. Jtiere 

.^w^e description of a press when completely fumiahed hi aU ita parts and fit for immediate 

,_^^^r-o9taHc presM is a machine that is capable of generating and transmitting a greater ^f f^ee of 
-^^ t;lie.purpose of overcoming immense resistances, and raising enormous loads to a small height, 

other instrument or engine with which we are acquainted ; it is tlierefore of the highest im- 

tJiat the principles of its oonatraction and the mode of operation should be rightly understood, 
der to render &e subject as clear and intelligible as possible, we think proper to lay before 
A ^rs the following detaued description. 

^ ^288 eathihits an elevation of the press "~ *^~ — --»i«»+o atAfo A^^ArwnT^nnidMl "Kir ■f'liA fnn^ntr-Tnamn 
^ ^Ls appurtenances as fitted up for imm 
other material of suf&cient 
i strength to preclude the 
to withstand. 



prevent the fiuia irom issuing tnrougti its pores, ana o: 

possibility 01 rupture, by reason of the immense pressure which it u 

inder F is bored and polished witb the most scrupuloua precision, and fitted with the movable 
which is rendered perfectly water-tight, by ineaua of leather collars constructed for the pur- 
fixed in the cylinder by a simple but infrerkious contn vance ,to be described hereafter. 
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HYDROSTATIC PRESS. 




. rZt^^^dfmt tHe pUton D io pi;;, Uirough it. without D^teniUly 

W* f of fricUon. which ought to be avoided as much ^ FfTl^^i^il to the 
5^t^!t,?f Sntoed in a cellfwith the edge of the ^p^^rJald^ap^U^^^^^^ 



o- 



18 thus cowl 



^^UT is kep* ^'^^ ^1 °™®*°« o^» ^a«» o*^ hell-metal *•*"? J^^'^'^^he cir- 
.!^^.?i^t6 a recess formed round the interior of the fJ^^^^^^^^teriaUv in- 
eceived u»^^_^^;t ^y,^ «;„♦_ r» * -»i ^gh it, without matenaAijr j" 

9 much fts possible, 
he inner fbld applied to iite 
%^*^i**^^"5^ the outer fild is in coiitoct with the cyUnder ^"^^"^ %^ folds of the 
Is/ L^in this situation, the pressure of the water acting J^^^f^"^ J^ers the whole 
T\r ^^^ into dose contait witL both the cylinder «»<* P*«*P'*5.^"„iJ^ h " almost im- 
^o^rt^lTeather be properly constructed and '^^^^^J^J^^^^ lather be 

a T of tbe flu>d <*d escape; for the greater the pressure, me «-i"=«^ 

Waie pistoo and the cylinder. „i.j^i, :* j- nlaced is formed with the 

L ►;_!rL m is truly turned bi a lathe, and the cavity m -which it is P.'"'<^ " '" ^__. fi„- gaw. 
■•JSS I^SJtjy ; but in order to fix it in its cell, it'is cut into five ?•«««» ^y a ^ery ^^'^l 
-^tl ttoK in Fig- 2286, which are dra^n across the surface of the '»f • „3?? ^^ f^^ 

^faJ^t; the «m.^ yre put in firrt. then the "-g^^-* ^^^jt^^/'Si?^!^ wW^h 'ill:^ 
> » and the leather collar oo bemg previously introduced,) and lastly, mo ^u>m^ 

o?*thS^CTlinder above the ring mm, where the inner surfiice is not in ^*^.;^"^f P'^ 

-^itlTS,^ or some other «)ft Material of a similar nature ; Ae «^t«,"?i.**»"» "f ^^^^ly 

4 the fcst place, when returated with sweet oil. it diminishes the f'}^*^°^ ^tJ^^tdmil 

tte oUton fa forc^ through the ring m m ; and in the second place, it prevents the admis- 

;«^^ substance, whiSi might Increase the fHcUon or injure the surfiace of the piston. 

^e lessen the eflfecte of the machine. , ^ . •■ j ^-. j ^« «Ko 

W^e alluded to, is confined by a thin metallic annolas^ neatly fitted and fixed on the 
-/Under, the circular orifice being of sufficient diameter to admit of a free and eaay motion 

4er thus furnished with its several appendages be placed in the frame, and the whole firmly 
ether and connected with the forcing-pump, as represented in Figr- 2280, the press is coni- 
ready for immediate use ; but in order to render the construction still more expUcit ana 
nd to show the oaethod of connecting the press to the forcings-pump, 
. represent a section of the cylinder with all its furniture, and a small 
e tube immediately adjoining, by which the connection is effected. 
F the cylinder ; D the piston ; the unshaded parts o o the leather collar, 
of 'which is placed the copper rin|r j> o, distinctly seen, but not marked 
* ; nifn IB the metal ring oy which the leather collar is retained in its 
he thin plate of copper or other metal fitted to the top of the cylinder, 
ich and the plate m m ia seen the soft packing of to^w, 'which Tve have 
x>ve, as performing the double capacity of oiling the piston and pre- 
^derangement 

fcination at wx represents the method of connecting the inject Ing-tube to the cylinder : it 
■<ijly understood by inspecting the fig^ure ; but in order to remove all causes of obscurity, it 

or socket- 
the cylinder, 
--^^ Mi«3 iwmcy oi me projecior, out m uus ngure me perforation is in tne side. 
& thus furnished is forcibly pressed into its seat by a hollow screw «y, called a union screw, 
Knto another screw of equal thread made in the cavity of the cylinder ; the joint ia mnde 
•i, by means of a collar of leather, interposed between the end of the tube and the bottom of 

-^- mode of connection is employed in fastening the tube to the forcing-pump, the description 
natliough It cousUtutes an important portion of the apparatus, does not properly belong to this 
« prmciples of its construction and mode of action must therefore be suppc^d as known, untU 
Jt^ treat of the instruction and operation of pumps in general. ^-a— -, 

'of ite o^ier^H^^^^^^ ^^ t£e forcing-pump is understood, it only now remains to explain 

ly elcempUfiei «>'«»«<^tion with the hydrostatic pre»», the const^cUon of which we We 

L^fS^s^bW^itk^TtT^'^r ^^^ P"^* ^^ "^^^ conceive the piston D, Fig. 2280. as being 
^.^g.tobrS " A^ *^«^y or substance to*be pressed, pb^ced upon tlil 

g-pump, i?wSl enterthe rfT^^ water be forced along the tube bib by means o! 

*S ?ise r distlnie p^^J^o^ '*^^^^'^^f; M ^k"?^'**^^ ^P^^^ the nis^n D, and 

^«.ble by the ratio Ltween the «^« quantity of fluid tlmt has been injected, anS with a force 
The piston thus ascendimr canS^^ °^ ^^® diameter of the cylinder and that of the forcing- 
^ the operation, more water is^nlLVi^^' ?^^ consequently, the load along with it, and by 
^•ACt with the head of the frame S^Jt"*' ^"^ *^® piston continues to ascend, till the body comes 
tlie process, the pressure mav vL. Jt^*^*^^ P'®*^'^''® * ^!f** I ***i^ '^^ ^^ manifest, that by con- 
in developing the theory, that iWw""*^. *"? "1? extent at pleasure ; but we have aWdy 
=sa of metal, it would be unsafe to o^*-**"® limits, beyond which, with a given bore and a inven 
a the press has performed iU offi ""^^ ^^^ ^^*^"* 

-^-valve, placed in the furniture of Sl^V^*^^ '* becomes necessary to relieve the action, the dis- 
^ out of the cylinder and return to ^^'^^ng-pump, must be opened which will admit the water 
i^ht^ return to theu- original poeitio^ ® '^^^"'' ^ ^^^® "^^"^ piston, by means of their 

ry of eorutrttctton and €foscrt»«««l^ 

P xon. o/- th^ hyiro*t^^<^ u>eighing machine.— 1{ into the side of ao 
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HYGROMETER- 



^^_______^ ^ tlie atinosp^*"^" 

ETL ao instruinent for measuring the degrees of '^^f^^'^d^n^^^ ^^rt£^^- 
*?^ f^I of tbe atmoephere, with respect to moisture ^a J propoBed for aac« 
^^r^*!^eoa, and,accordinglV,numer3u8 contrivaiicea li^e we ^'Aftsuch contiojances 

^^^''f v^ations by referring them to some coa^"\!^°^^^ to them, or of 8U^*«?9^ 
>f those va^r *u^«ct*: *u« t»,„ ^c t ♦»,«*♦. mav be given c« , ^ tboee wlucn 







ooDtrary ^^. 
of the 8pr 
^pansioQ 




"^* ^ JT from tb« atmosphere with greater or leas »\^^y- llnimal fibre . ^ . 

^.^«^"rfo^cT weight, or wme of theS physical pr?pe^*'^Vjords «>inpo«ed of twi«ted 
a'^^^ea^entlyel^ated.bytheate^^^ and the 

.d consequ ^^^„"^^ ^/^^^ shortened, when ^P^^^^'^^.^ed in cabinet-work, and 

•^'''^lod Shrinking of most kini of wood. ««P^i»"y r**^^^ one is familiar. Many 
ion and a°VtV„ ?„« .^^j :„ „ ^u««c.«^«nr>n with which every orie is «* . . evident 



;.v..n(res eitner of dimension or oi weigni^ u«»jr y^. *=i Tk-.* otmosDbere m ine »w»v^ 
t^^^Krbed. f^mwhJch the quantity of ^at«-^^.nK^^ they afifoni 

^.^ . VMit many of them are so email in amount, or taKe P,"*™°~L,„„j. 
^1^ of the actual rtate of .he atmosphere at 5°jn?*rt;f "].*[ """^^^tic ley. One ex- 
^g^meter con«.t8 of a human hMr. prepared W b^»l'"? "^ a a^^Weight attached to 
~^lir U fastened to a hook, or held by pmcers ; the other has a »™*" ^^^ » „^,^ of which 
^^Tept stretched. The hair is v^ oyer a grooved wheel <^ P^^^^y^'T^Sument. and 
whfch moves oyer a graduateS ardiu Such u. the e'"®"*^!?*'!?? ^e hair absorbs an 
u^^^bow it acts. Wien the surrouncUng air becomes more ^"'"•* J°® IJfj^ " j turns 
^y of moUture, and U elongated; the <»»nterpo^ ^^^[^"Sn ^e^trai^, wEen tbe 
,re6y the index is moyedtowar^ the «» hand or Uie other. °^^J^L^^ u coose- 

er tie hair loses a part of its humidity, Mid is '*«"^®^^^~^^e*indications of 
.,^ ^nA the index moves in the opposite direction. The accuracy oi mmj ,_:_ „_„ Hii« 
^p^Sds^n iSJe t^s^ed principleTTt the expansion and ^^ti^ti^n of U^^^ ^^^r^t^ 
e and are not aflfected by temperature, or other changes m the condiuon oi «ie » 
*ient shows that the influence of temperature 
.t • but after all precautions have been taken 
•e'instrumentj it is found to be exceedingly 
movements, and subject to great uncertain- 
-the substance is soon deteriorated, and will 
its properties unimpaired during a single 

>ter of De Luc consists of a very thin slip of 
transversely or across the fibres, and stretch- 
f a spring, between two points. One end is 
hile the other acts on the shorter arm of the 
^uated scale. When the whalebone absorbs 
Us, and its length is increased ; as it becomes 
and the space over which the index- moves 
! other of these effects^ gives the measure 
ion or contraction, and the corresponding 
hygrometric state of the atmosphere. The 
.^grometer appears to be more uncertain than 
re. 

eters which have been proposed on the prin- 
.^nge of weight arising from the absorption of 
Xiable to still greater objections. Changes of 
deed be measured with ^eater accuracy by 
»r torsion balance : but m the present case 
xazftall, that tbe particles of dust whu^ are at all 
: in the atmosphere may prcxliice a great alter- 
«^sults. 

T-, portable. — ^This hygrometer is of very simple 
And is so arranged as to show the humidity of 
5re in decimal parts of the saturation, as weU 
o, means of ascertaining the dew-point Fie 
^ts a front elevation of the instrument, with the 
sa- A IS the back or main supporting pi«ce. 
gla^. to which wattoched. at the lo^er cx- 
rig thm strip of wood, the grain of which rnn« 
« transverse to the length'^of the ^H^ X 

this stnp is attached to the axis ^r +1*^ • j 
.«ts out tte degrees of satura" n of ^1 ")^'* 
THolical spring D ia fastened at its lolo^ *^™!^ 
:.ojecting?rom the front of the back ^^J! ""I^ ^ 

■•remity being fastened, bv meiknc. Jc*- ^"^ .. j ^ x^ . , 

ag upoh the index is such da to te^l ^ *^ conncctotg ooTd. to the mdex axis C. The action 
dcontracUon of the wood-alin cl^^ ?^^^^^^^y to hold it at its original position, while the 

P* ^^® ^ the greater or leas amount of moistm-e in the atmo- 
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ICE. 

_____—— - jp -very dan^P **' 

't». TKe aegree at -which thU take, place nn»t bo ^.f'^JZ'^ *»»• descent of the 
"^*'- J*^ .houid be very slowly drop^ upon the ba". "'JfS^of the degree. I".*^ 
iV^V^^'r^d « to reider it^xtre£Sly diScuIt to be <^^^t^ produce the requisite 
»ll be eo '•Tr ball re<iuire8 to be weU witted more than once, to p 

contrary, ""^^rologj^ j;^. ... - .„^ncii>le : but it may Dc 

<I)«|^«»»l^ iUb?en de«:riW u, extremely be»"«'"L«tS^fcch it indicates B 
i^^*- "'"'^h^ the greatest cautioa is observed, the t^"??* ^^'TlKSura in a narrow ring 
^•■- T^ dfe depoeifion of dew take* place. The ^fy°f}^^,^\S^ii^^T i» colder at the 
'\^^^Ti^ of ^ ether in the baU% thereby «^«**'"«^^t Uie baU. it is evident 
S^^f ^« it. But if the temperature is uot ""''o'™ ,*^"^Sff!!iiiJ^whero the greatest 
a^Ue under lU ^ ^^ ^^ ^ thermometer can be placed m the Pf»^^° ^ tha„ S neces- 

» Z? P^J^tiv the temperature indicated by the thermometer ^'I'L,'*? sTiriven too high. 
i^'^rte'pofliUoo oYmoisture: in other words, the d«^-P°'°iY^ J^^ie paraUeTto its 
^ f 1 nW fie»re. fo™*"* by cutting a section from a cone by a plane p 

•^•'hr^S>riBTuV'^trrur^rb:^:^*tSe'S:S^ces of ^y point in it fW.m 

ii'^^o'M^-'elTth'SrtSttU.eir axes form c^e^^^^^^ 

^hviJerbola cut ftt>m one of the cones be continued, it ^^^^^ distance between the 

^h/^poJito Ayp*rioi«. «j»«i and MmiZar to the former 5 "J^,"*?f ^^^tanoe between 

^wo ^perbobi i8 called the m<vor <««. «»■ "•«'»«^?«.'*!*°if ^- Ve^^Sbtracted from 

^Sifn^rhe hyperboU, caUed the/o««, and any ^'°* ^ ^^fp^^^SL, dilremainder wiU 

aid point in the curve from the focus of the opposite °?Pf^~'^f either focus from 

to a «»»«« qwmtity, that is, to the major axu; and "»« /*»***?'f. °* -f„t-_ oerpendicu- 

. i^ior axia'is caUed the ^cce^ruAty. The line passing through the -^t" P^^^ the 

^^°and haying the di»t«.ce "fj** /-tre-nities from A^e of this^s ^^ ^^ 

lied the minor axis, or eonntgate diameter. An orOtn^Ue ^o "*« ™"J "^""^ 

'^hMeiss mean the same as the corresponding lines in the paraDoia. ^v-»— ^imresa 

,lS LOGARITHMS. A system of l^arithms, eo called because ^« .°J^^" ^^5^^ 

en the ^ymptote and curve of the l^perbola. those areas being limited ^T or^nat^ 

.ther Lymptite. and the ordinates decreasing in geometrical progression^ ^J^LT The 

-^r 4^ 5«nota imv avRtem of lararithms whatever, the denominatioo m not correct, i ne 




^lled the minor axts, or coniugate diameter. An oraxi^^ i^i 

I ^hxeiaa mean the same as the corresponding lines m the paraDoia. ^v-»— ^imreM 

iS LOGARITHMS. A system of l^arithms, eo called because ^« .°J^^" ^^5^^ 
en the ^ymptote and curve of the l^perbola. those areas being limited ^T or^nat^ 
.ther Lymptite. and the ordinates decreasing in geometrical progression^ ^^l^ l^^e 
ade to aenote any syRtem of logarithms whatever, the denomination ^^* ^f^^^.ji'JJ 
•iUim of any nuniber U to the common logarithm of tbe same number m the ratio oi 
or as 1 to -48429448. 

:^ in a solid, crystallized state, owing to the abstraction of its combined heat. Its specific 

~ xig to Dr. Thomson, is -92. The force of expansion exerted by water in the act of freez- 

und irresistible in all mechanical experiments to prevent it. Advantage of this wonder- 

L is taken to burst bomb-shells, and other massive vessels, by filling them with water, 

up, and then exposing them to the frost The effects of this expansive force are often 

he bursting of trees, and the rending of rocks, attended with a noise resembling the ex- 

led gunpowder. Water, after being long kept boiling, affords an ice more solid, and with 

es, than that which is formed from unboiled water ; also pure water, kept for a long time 

fterwards frozen there, freezes much sooner than common -water exposed to the same 

in the open atmosphere ; and the ice formed of water thus divested of its air, is much 

\, heavy, and transparent, than common ice. Ice, after it is formed, continues to expand 

-emperature ; to which fact is probably attributable the occasional splitting and breaking 

ponds during the time of freezing, and sometimes, independent of other causes, tlie sep- 

srgs from the great frozen continent at the poles. According to Dr. Black, ice requires 

l&eat to reduce it to a fluid. 

4» of ice required for supporting foot-passengers is about two inches ; for horsemen and 

r inches ; and for heavy carriages, not less tlian six inches : also, if eight inches thick, 

s on sleighs may pass over it, or any load not causing a greater pressure than 1000 lbs. 

on the surface, covered by the runners or skids on which it moves ; and if the ice is 

y have balks secured by laRhings to the tires of the wheels, for them to slide upon, so as 

-eight over a larger surface, or lines of planks should be laid down for them to pass over. 



y be made capable of bearing even heavy loads in a very short time during frost, by 

It layers of straw or brushwood crossing each other, and sprinkling them with water, 

solid road when frozen; and if any portion of the river remains unfrozen from the 

^^JTi!^i^\^tZ he made to freeze by mooring trees and brushwood so as to float in it. 

Canada ^^htJ^^^ ""Pf? '^' * ^''^ "^^ ^^«" «^*« ^^^'^ ^^^ ^^^ ice-boats, similar to 

Sn?«!^n^ Lt^ K-'T'* ^**'' ^^'« purpose. They consist of a aUght frame supported 

Sip rhTea" «p'idlty"^^^^ *1\Sr'^^^ with^^asts and sai^fthey 

^ir wind. l'*""^ » mrectly to windward, and attain a velocity of twenty miles an 

i^^Tn^'Srlnl:':^^^^ ^^1?^^^'^'?^« "^^p^* *^^ p-"' -^-- ^^ 

^^^hr7akert in front of the fier^ ar^^4«5 ^^ smallest projecting jx^rtions, even if of iron. To 

^ meeting each other, anS fomi^fc ''P^*'**^^® \*®y ^t^^^\. of a frame supported on two 

^xiked over, and should slone ut\^ ^ ^?*^^ *"S^® ag«mst Uie current: tlie upper surface 

oating ice may rise over it and t^, \!* ^""^^ the water s edge towards the top of the pier, 

if of piles or trestles, should be o^i^% .'^^^^ itself «P» »« as to pass harmlessly between the 

De carefully pinked over, to prevent the ice ca^shing in them. 







ICE-SAWS. 



" *■>. _!,«! Uio ice-liouMi ia gettW filled, it may "^i Vi^fJie inter 

t»--rL •■ [""',-?. .luck of wmter. Wh™ ice is requireii for tt>« ,"f*„, ,„ t»l 



»iu «' "SSt'Sp to^.Si.. ."J 

_ .«,irr.,r3^for U..^„;'„"\'.L „ J for -«, th, 

■«;»^ Ktle i>*^ Damp MdHKasul-lanceotoucliuig the >c« ■»" 

,._, „». dmJ IW tutti,, (i,n«b Ih. i«» for "'K'™? jSf .'^"■S'^olSl; for- 

.^ S.S,t»", » "" "J" »< "" "~ "?*_",!±'?S°,Sl2?^~° tatiot. Si" n>~l?'" 
.«=^ „^fv-, cut. ao as t« duengnge die reesel before tiio furtbcr '*f^",^^^^ »,y nieans of b 

and la «»peiMlod by > rope pnsiwd over » P"'»?y n«,ve the aaw ">p afiJ 
aen run out and baik «™n will, a rope. ""1 ^ ^^ tHangle is th.-n 

the end of a lever ; a ter, <»fled « P^pe'l". » ^^ ^j^feJ tS.t%ach motion of the 
- oQ«r eixi resting on the 8nrfa<!e c* tie «e, and ^^"f'j^^r'^f^ w^TpeUcr, push the 
>e a cut of a given length, aod at the saine time, by «>««°».^' "^ prup=u , v 
the teeth of the saw «h«ll always be in contact with the ice. 



K»?es • <ude elevation of the tnachinc, aaavA eledge, of open framework, Mstimf on the 
"^taTe™ hlTTc.^Wrfl''™*'^ through the lerer.e. and fonning tho fulcrum ™ which 
^™ r?wod.tSr^^ pl!S ■■.«P™*«>ted in pe™p«*ive to dotted lii«e , , a cUmp or 
l^^^^rVr^i - ^ ^ ""''' "f tlie l«ver, Icxwely jrinned »t top to the lever Boli at 

t^:° r^'/iy..".'?™? "'".•»*? ^ «. by ^hid, the weight 5 Cwhicb ia of ?he shape of a double 

bar, tertmnatint; below in two 

■ tranavet»e pin k; la weight 

,dfM^!Zt"^' """ting the motion of the hnndlo-end of the lever in an 

*= "^?«J^tR*!r^" 'J^'iF^^™^. ^If ?5 '° "^* brought a 



^^> ie hon^ to the lower e™i of the ^^ .^^ '^^, 

-^t top in a fork, ood Buspended ™ tv.„ - "^^ 
- -^ proiiller at ™ ; n a trai^erBe^h^^ 1^ ,-"'^J^ 



^,« leY«"SiiQ"8werving Ute^^^tbl.® '"'^^ a^ and connected by 



entereiJ the ice. will only r^quir^ from two to foi 
can bo ^i.r".'' ^°^ *^ '"^ ■ "**',- '*'^ distance rBquirod to be et 
K~Mied by the lever m any direction, so as to cut the ice inl 



t he taten . 



ILl.tJ>"'"'^tlO». 




A thin rinte -shaped waU, ' 

When it hM o,Ke o'^rfl-we^- '^';^ ^eg'on "' j^'** 35^^ «!(» -^V^J^owb. but more eo >"J!" ^tter. 

These ere r^iyfe with » "'?'^°""„ Therefore "^ !»»eltJr^Ot» *^»C*'eht lighte, mede of «"=f "^ -ccouiit. 

duumuulied in lb. "l"''',™,;" "' ,' r'nert »rM «> M gog^J *rtj „f light For «J.o "^.''' S iS 

p«lo»or tbl^iinttptoiFigJSOOjUtj'" t>»r^" •phC; tC " -^ri^i of "Weh iJ eoftuttly •; 
tteo fke. pUc in tie entire .pp.. Week portl < of ^ J»^ «= ..piUttnt, of »Jt _. ^,^„^ 

foi- uodurf!;^'^'" "f t^"". which bum, -nH ^ **^^ » cMumed ; thi*. occur- 

5sF.'-°^..S-'s; s-^.jS ""■•'K''":,;?' %h7^""" " '" "" '"""^ ■ 

'^'"ed witKtt '*'*'« traler is alln„j"^*""'' ttltV." in iT^"- If a fottle ia filled with 
gf-dl. .Sla J' "f ta.tlW, ™Z, i.',;" ,"" »W,''» W„"'.°"f'J "reetioD. .nd .tube 
^■etrnet fl^ "futh, (J.eae vano^^ "i '''y- ^Ijrt*^ KiTtv *« "ipten. the bottle becomes 
SXf^ b. .«"ie, -liioh i. hMTSi™? ■* "P-U?- &*'„•"»'*•■ The "por- obulned from > .te.nn. 
SZ,",' ' ,^'"»»'<i««.",i if '""*""■■ iS"" ?,;''««: »cH„tho«,^m oil or t,llo». On blow 

^^t^*" !f"™rto Pterin.'' '=''""^"'» rti^^^ttsem,^" "«"'«. a""! t^o^ t*"™- ^'"'" igriiU-tl, with i> 

f^t 't''"»l»f>"i.»5';"'"'«> U"^ a'>™»o;ih,,ulmi,t„re of .Ir. The eitpenmeot 

""•■> SL ,^ °f "• » c" ' a«»n,p^ ^ JJ b, ,„„„ ,iu, ,^, „„„tb. Tb, Import.nee of 

""r/l" "J"!' ftem", „., , ^^ i!'™. tttid til the nntte ri.1. .hotJd litewieo be .1. 

^S^ll' ^1?—I"™?t,; ;",°^,='<ln. ""'•«.»im...ne,,»tiJlow.orw«, wUIobetruol 






. -.. ».»,_— flrter x .-""wes UD ti, . _. "" — *«ii "*ti„^ -'^ "lode in which they fUesemin&to lieht, that 

^«0 ^s»e.iDlat<'<'.«'==llb!, vj""""! Ct^^*-ir,v'""'-f™n"m exce«.i™ length of'snufl; depo.it of 

to^«< tl!**"^'^!? "'?■"«" H n M*,^'^""* V;^ 'io,^" '*"'iie " "g"'" «'"■''«•' '"■ *^« deposit burnt, and 

«^ -fc S"*^ '•miy j" ^J^'^ates to 77 1 ,■ -<V?> in ^""'^ 92, in 8 minutes BO, in lO minutes 41. in 12 

'^^ -.,r^«'«;"*»»'""Ufe«7o?s '"."W^'^C'^ 2« minute. i». 

'6e f- «».^*'j'.i.Lr , ^ '*'«*"•' Wliian.^ 'Sti.i^'^ndle, (6 to the lb.,) diminished f™™ itn orig.nal 

~ - «:*-^' *»">- '"lenBitv nr lA T,:„,.I*nen. ^^'hl '^"^'M hour, thoreforo, » sufficient to reduce the light 

^nutea- ^" ^lcl*'"'e diminution wa« the result of Run>f«rd-» obserra- 

-"■ W.T" ^l^^*'Oir'- '"•e"*''y °f candles is compared with Carcel'a 

11— • **C;lj g '° 'allow candles is to be understood, ^hicb is about 

'^'^Utb 1.'''^' '" "t™""". '^^ """i spermaceti candles, how- 

^^ ^fien the wick, without aay deposition of snuf^ bas 

' ""'.""'ionB of the illuminating poller are entirely rels- 




;^^«^ J (~'ni Of comparison. 

^^«i i"*"^™) '* "'' ^""^ ''^'y uniform brilliancy, remaining ut 
^"»^tl^ ■ .?■ "'^t Ismps. candles, and gas, are very eenerall 
*^ ^«- *«!7 .■■, "^"P^ "^ ^""'^ ^'""^ ™ "*"* » >u«nner. that on' 



«-^^ 1rO!'*?'*'***''y>en'ted for each observation. 
**^»»eS'Cfc"**^ '" *"'" "" '"'"' to 103 ; ii 
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'Cylindrical 
SOlallcjrli 

•t one end ■ 
The brackc 
and attach 
into the >»* 



^ .- ^w made ^'I'^JaL the ^"^e inch in area,) the length of the 

.riable. a>«^^?J^^:^b5ng determined by the ^^ pressure to which the 

e scale 18 a^^^f?*?.' a and by ^he length of Bcal^ th^at can con venienUy be applied. 
any time be Bubjected,^a ^pted to mdica^ ^ 60^"n<i« of pressure, aiS the 
^epiesented in the ^^^ *^ each of these div»i(«^PJ?^^^ ^ne liound of pressure 
^?ided into SOIhs of ^^^^^^e data the Bpring^ l^^^^rV^r^^ constrdUed, so 
""x^."' ^^^Wm i^^the index through one divLn of tL scale. "^ 
■ J of a P^^Xr^e process is precisely the same in principle, though somewhat JeaL 
measure ^^^^^^^Team l^ing low. and the atmospheric pr^ure*limited within 16 pounds 
^X^T" ^il^L dWIded ito lOths of an inch. The pUton is made equal to i of a square 
a '^« eSsticity of the spring is such that 4 ounces (or i of a pound) actiw upon the 
airectio^wiU cause the index to move through one division of the scale, ivhich, conse- 
nts ime TOund of pressure upon the piston of the eteanoL-engine to which this instrument 
zero-point is that at which the index stands when the coci O is shut and the piston a 

Jyed, and, therefore, when the instniment is in action, it denotes that point in the stroke 

"fissures above and below the piston are balanced. 

cplanations it will be obvious that, by attachipg the instrument to the cylinder of a 

^^ observing the motion of the index upon the scale, the maximum steam pressure and 

a-t once ascertained. But this is not the only, nor even the most important function of 

t was desirable to find out the exact periods and modes in which these two elements of 

-> operation, and especially the mean effiective values of each ; the rapidity of tlie motion 

' *fc space precluding the possibility of taking these observations witn any degree of ac- 

izxiportant objects are fully attained by thehelp of a simple and beautiful contrivance, 

— ^tjrument is made to register its own performances. 

^■- «^<2ket ff is firmly attached to the indicator by being clamped to the external casing B, 

'■^^ "be set to any convenient elevation, and there secured by a screw- To this bracket is 

^^:*»t axis, on which, by a long socket, to insure steadiness of motion, is accurately fitted 

«^<5e F, formed into a pulley at its lower end. The other extremity of the socket carries 

■^^=a.l box containing a spiral-spring similar to the main-spring of a watch, and attached 

■^^^ fixed axis, and at the other to the internal surface ofthe box in which it is inclosed. 

Ties also a smaU friction-pulley >, for the purpose of guiding a cord wrapped round 

the pulley F, to any convenient moving part of the engine : a small catch screwed 

.»ving to circumscribe ite motion to a single revolution. An external cylinder or drum 

^OI'^'^^f!;^«Vwf'°^^??°i**P^«*«"'*>» fitted over the revolving cylindrical piece 

i-^^'L iV-^nr^.; ?hf -VP^/* ** fixed a slip of brass formed into a double spring //, Fig. 

^ m^roTa^pIncU^ ^ ""^^^^ ^ ^^^ ^^ instrument is to register its perfonnan^. 

►Ider c, joiuted to the 

^ which the index or 

<1, and fitted with a 

as to press the point 

tly against the paper 

it of its being wUh- 

*^tact with it at pli*i- 

^^e arrangements it 

^«t If the piston a be 

es to 7k i*^®^ "^und 

J^'-oduced! whiT'^''^"' 
^^ stroke *^ ^°^« 



HT> 



J^^<i into the 
spared ibi- •*. "i~uu- 

■ Ti^'^^«-i^*» * "finder t^i:?"^^ 



r^^-S:?^^n.-f Se^r ^Cte on .e .W, 




^^^ ^o^ J^^<^wred 



*«ito 



^" *"* «>e Pa ' 'e? '" «P"ng8 //. Th«-/*i^«** *"«•»% round the cvlind J «- 



i^PertiT;? ^P""^ '/. Th^^^*** *«»"'y round thr^lind^ta 
'"'Por.Md the engine -Uowed^ ^^^^^^ts ™ade. the lenTfT, 

™ake a etroke or two wi&^the ^k 



50 







. ^i^tionfl ^^J^fs'^^^i ^even^l «in«ecutive strokes. ha» in- 



nlan of the machine. 
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'lotion to the 
?**Ch, The o 

increased tii^^L 




J-eturded »^^, 
bring J^o ^c^ 



^e repreeented .n tft an end jeU^ jg ^^^j fo, ?"?„" 'fiS^ teTthe cylinder 
:^^1.fcwTliv1- .aready d/^^iH with tSo key^ . fetwe^n^ese i« sit^ted h WV 
^^^L Ttop^k pipe .**»^^ aocumtely fitted V S st^am-tight. Towards the 

^tonliSl n», ^Wch " P~S?,%^ n, the other extn^mitv of whichja «»«> *fj*« «"'"; 

. end of a l°n8 PJ^he frame'^o* of the machine, tfie springr »'«'°«/f.,*'^ J!l^ 

. ., forming P"* °^*5,e ptetoo in both directiong. The sqSare bMS of the P'^^^^ 

amount of travel «^P"f tracing the different degrees^ of tension of the steam on 

11 pencil o. to"" '"* P *^ , 

lower cock G- , g^ej to the ftaming exactly opposite to the point at '^h'ch tJ.e 

«re placed '"^"^^^ Xt. «•<! being tSuB immorK serve *« m«rk a ^^t"""""/ 
len tbe »t"P.««'LhiSiU8UMeptiWeTf a slight degree of vertical motion in its socket^ 

A AW P«"«'l j^^;;^f"e^?^eLke.is iJ^ht intfcontact with the paper by Pl»c.ng 
t^'T'^Kw^Sl^-a.^c.^'^l'ead. or any other rigid part of the engine "Y «o"^ 
"rth* st^k^ 5^e to^of «• "P"8''' "xi"' ^hich £ connected by a system of levers 
^^d'^^'^ o/paper may.be subjected to the -tion of .this znachine^n indefini^ 
vc**^no^ HiaoxamM renrefientiiig the action of the engine during several successive o 
SThfsTai^omp^^ ists follows: The roll of paper fs first wound "P^f^^J^*^^*^' 

« of 2L l^nd^e V f it i'^ t^^'** P»»«^ ^^^^ tJ^« three smltll rollers vvv placed to oppose 
«pendl9^di;/ received upon the cylindfer M situated at the opposite end of the 
e L" of this latter cylinderis produced on one side so as to form also the axis of a 
-^u^e N, opposite u> which is situated a cylindrical drum O, which receives a pn^f*^™ 
»-ot»tinjf part of the engine to be operated on, by means of a worm-wheel w on »ts ax^, 
^ »^<ile8a 8C«jwon the aacis of the strap-pulley P. The cyUndrical roller O comniunicates 
•^ Mc^xX roller N by a cord wrapped round both, and fastened at opposite extremities oi 
m:. of this arrangement is to compensate for the increased surface velocity due to tne 
---ST of tlie cylinder M as the paper is wound on to it» by imparting to it a proportionally 




altbougli highly ingenious in many of its details, and capable of giving very correct 

-»^ing in that portability and compactness whidi has very materially contributed to 

"*^ instruments into such general use. Moreover, although in any instrument of thi-^ 

'^sft.tions will be more or less accurate in proportion as the space through which tlie 

«».ct is more or less limited, yet a considerable advantage results from the length of 

»»cion indicators. The diagrams being made upon a large scale, the expert engmeer is 

E*.md without reference to the scale, to ascertain by the mere contour of the figure 

** is performing all its functions properly 

"j^t''^"*T^i"*' nppears to fufel two distinct and very important ends. 

^ISl !.i J /"■ -7 *^® ^°7 defects in those parts of thrrnachinery by which the 



^ ^^^^.^ it., 'W 



»vea 

«xtemai 
A is a 









<^uently"wh"th^i'« d^** T P^P^''^ P'-x^d: whether the st^a^n-port^ are lari-e 

»e. In fkrt in ,h^ t "7*'?" arrangement of the working part of Uio machinery 

'•linKUie^ij^t^Lir* "i " "Wilful engineer, the indicator Is as the stethoscope of 

it.«jated. "orxinga of the inner system, and detecting minute derangements in 

the actual dowct"*' tSe'en"''*'*' ^"^ ^"^° ctrcumstances, when it may be desirable to 

--'^^^P^"°f"4?f Jjstnunent, and tlien proceed to its various uses. 

_ __.„ . - hollow cvIinH»7l"'' ■■ «»«Mtructed: The dotted Unes are intended to show 

_ «^e in eoniv part of tl* »n • *** wppe^ end EH is open ; the lower end being intended 

*^»^i ''.» stop-cSck, bv whirf,^* (generally the top or bottom of the cylinder) by means 

* fiS!^ '^"'^ the internal ™w''*°r .?* ■M'wment is attached, we can, at will, make or 

^»-ic«,^* '*«'«>-t«ht. In '^^"'^It? ^°Pr- ^'**''° **>e bollow cylinder A 14 a pUton 

-^^i^ ""d preventing tK^ <? P^ton must not be packed o««-^«,/.<. for &ar of 

-««^'X.™'''**^»»"owo?oU J'Sf "°**°" °^""' P«ncU; but*^a.e defect, if ^my. must be 

» ^'1 ^ P®»«picuitv ih« ". "® "PP®"^ '"'■'*<*• 

'* J? .t"-^ vacuum t; fo?m'ed^»!^°*.h*f iS± <»">niunicaUon with the top of the steam- 

"I'cator, and it ^Jl rem^il?^** fS.T"P"t°"- ***« atmospheric pr^ure will force 

• -na at '^ P"''™'«d.)onre^^i^ t n^r^SP***?'^^" till freah steam enters; but it 

lower tl^*^** ?»•»« «me to^w'"S»%"^T impulse, be blown out at the open t^p H K. 

^ «• By thi:*""^ '^••«' ^e "urf^e of tClir^,"' tbe force of the steam, a Spiral spring 

*^«- it ^^*^'l?'~.%'ement theZe^Cre of tJ./»t^ • "^^AK*^ '*« "PP«' «°<> rests against the 

Presen » of"?fci^h thTt&ensrin^of ''I""»^.::ri^_.-lr«y'' -T " the pll^^^of the 



«<:ani, tJie morrtire'snrWJ.^ ''P""^ varies'as the extenai^ "Hencei 
VV^-r^Tr^i^ ^HS eS7^«P^'^r;*S^drandnhT^^ 

e 



anrJ K^'^^^'^u^^J^ varJ^ ^^^^ ^^ by opposing forci« . *=*" ™^«^ &ei: a clear idea oi 
^^ hy th^forc[jP'7y,)Hnd on &e *ippei? /^^« ' «" *»^« lower surface by the 

*^ ^^ the spring varying so^ to Wo ^T ^^ pressure of the atmos- 

jr a as to l>alance the steam-pressure. Now, a^ 









" rtii^ — ~- tcuu «-.». *"ne 1" ii» 
.oojl^ej, «, tk« „?^ the ,11J» „i.o." 







»»■ fre^t* supply e"*^ tbe P;*^ r^creasinB ^,,se ">" ?" 



j^pio^ToBa. 



B of diag 



jTg*«it^ ^--^^ ^ — ■ 



MtiafiBd that an etig^te '» »H g 

only cause of difference V- «B m j;,^ >j^ , .„;„„* ita atop buftwo "^.jJl'haTe 



he right upper portion of 
ing ^cked over-tight, o^ 



232].^ These two figures O 




2824 does not descenij _, ' — ^ 

' 0' ■«»rlmi„^ tl..p^ ^"''kmfcm™ !«%. •od U..refor. did not •■■ 
S;"o,5 ^ SSi,?^' v°' «> mji,. i. by mo«» of th. todioilor, !»»•"" 
»wonl«Jiine marked ^^Ui^A ThtJ meaS proosuro on Uie p«ton is obtained 
*^^»»W* tbe origin dtaw a aeries of other hnee parallel to it 
I ^ to the 3."pound. oo the indictor. Tha bemg 



iy .i.-dEISS^'n, »tt „„„. 

of«a'j?«r'}^^'^^*"^'^" 



of tie ffToBS power, otoerro in the middle of 

in *V.a ataa-m onH irit/-.l]lim llTK^H to tCJlthS, WhlC^l 

in the BCale of 



■•^rd^ »i«^^ *K» *^ "■ "■« figiirc, (Jong the diaf^am, and add them to- 
1 IniBer - *'^ *^S •■I*"""'*'' "' columns, uidjve obtain the groHs avera^ 



i«rver " *'=» i.*S :: "umb*! 



/t? t»roHi,« .'^<^1. ** ♦..*>*« of the eniriiio, for fHction, for amaU eniHiicis have more 

o^" ^Sin »'^3^ Vy^iiji}'' reeuit i, t..k^ U the effective pre6«x«-e %r square inch. 

?" tlic aui-r ^ ■tvT^Jvi" Take now the diameter of the cylinder in inches, and 

V the ou,^-^ '^'i ^' th" reeull ia the number of square inches in the aurfcee 

" ■=»*3s^^t- jV'twure per square inch, oa got from the indicator, for the 

<:kr ^ pislOT. And if this be multiplied by the length of » 

'^Tolutioiu, we shall obtain the work done by the engine. 



lupl 



catoRS. 



own P'^^'fj^de? were fiUed with steam of 15 Ibe- P^'f^}^^ 'y^J^^s^^ Oi^. 
Ikf c^^dTrTwfc; filled is.15079.6 the number of -volu^-- ^^^^^^ 

ioches of »tmon>ber ^ ^^^^ ,^^^^ ^^^^^^ ^^ ^^ atmospheric pressure, and 
Buppoeed to lor 27676426-6 _ . ^ , ^5 . ^d the number of 
ubic inches of water evapomted = — y^-j^^ 1«A70 , ^ 

16176 ^j, , 
. evaporated = ^^p^:^^ - 68 nearly. ^ ^ ^^^^^ 

coirect, tbis should be the quantity of ^^f r^^^P^ But t^ is far from 
B for condensation, 4wm the steam-pme and ]p*8^ ^ ^ 108 

nber of gallons actually evaporated ^y^the boiler w^^^^ ^^^^ ^he 

, can do nothing more at nreeent iJjan to fff *^ ^^I^^^^t^^^'S ^ all likelihood 
count for it From the violence of the f ^^."^ «*w ^dTmanifest in boUers 
ch careful experiments are made, as is freouently made ^m ^^ 

en in good boilers, it is veiy possible for tte ^J-^^"^^ ^^.^^^idnat undi^r 
Id if it were not so rapidly consumed. If so. an inch ^^f'^l ^^j might per- 
1711 cubic inches of steam under the atmospheric P*^**^""^; *?^ ™f^allon*« 
hat quantity, which would be requisite to^-?. ^f.-.PTh'ir^^^^^ 

reniains to be seen by future experiments whether ttiis oe ™ ZZ^l works 
»n the tables of reUtive volumes o/steam and water contained m most worKs 

on of the ^rUoaded engine.— li we examine the effect of ^^J ™«?J?i7? ^* T*jt 
i find a certain amount of power is requisite to overcome *h« ^^^^JL*! ? ,h „ {!l 
immon crane of its chain, or any load that may be upon it, and it wUl ^"* ^ 
8t be applied to give motion to the geering itself; the amount of fo^ ^e- 
B used, the mode of fitting, and the quantity of geer set in motion- »<> « " 
. certain amount of power is required to overcome the friction of aU its parw . 

engines will bo found alike, so much depending on the goodness of the worJc- 
iiBtment of the difilerent parts. , , 

the method of ascertaining the friction of an engine by the indicator, we would 
t care and judgment are requisite in carrying out this experunent ; there are 
I which the ezpriment ought not to be tried, especially direct-acting engmes. 
ceed is this; ike communication valve must first be closed, because the engme 
small quantity of steam to work it when the paddle-wheels are disengaged. 
>e opened, to allow any steam that may happen to be in tlie steam- pipe to 
ith which we tried our experiments, it was found necessary to destroy the 

diagram, by opening* the hlow-valve, to prevent the engine flying oflT at too 
'^♦♦/® ™"«^ be dosed, and the paddles disconnected. After slightly opening 
rottle valves, the slide may be opened gradually and cautiously, to admit the 
Y/PJ*r<^*»on must be let on as carefully as possible. Work the engine a few 

let It be thrown into geer, and regulate the working by the throttle and com- 
JiSih^^ ^ ^'^® ^^^ engine the saroe number of revolutions without the 
» ^f* "^®"^— taking care to have the coodenser of the same temperature as in 
' °' ^^® engine .♦ The indicator having been previously fixed and adjusted, 




b must hi lP.r ^® •»"■*> *>*' * thermometer in t»,^ i 

« p«/?ine^^""*i? within the oondeaaer iJSri .t <»«»,^'«»»' ^ ©very engine In addition to 

'•^'sfoom 'k»1''J^'*^ *' '*'*" ^x'^-st When the ir?S.'*"fP??' ™"*^ **® Rraduatwl hiffhor than 

p^'cateSL**^; ^ *>«"> the splash of th« u^s^^"** *" hVovm throii^rh. It must be placed 

*^ *«« Of the vacuum, flie temi>e™i^^''*'" '^"iP'': VV'»>en the enirine is frei ffom 

u^perature preserved alioulcl be about 100©. 




■"«3 »T," »:»«^ n™"*"io„. part 






t*>c 



"to,' 







. i* S" ;« 



vessel. w^, ror (he 






«''>c«<^fc' 










the fi«.-t,,er'^j 






igU ftan, Indl. ; th«t when Jil"t«d it Pr>*Sj 

.j.**!.*-^**^^^ o6fi»o^^-^»*^VdK*' °^ »*-«. nature or of tbe procesaes followed in its raanu- 

> !^;^ "^ "^^t witb Veat learning and sagacty and agree u) 

'jj^a^*,^ e»Si>« igo,and not. «a has been supposed, a drug pre- 

^,t**"^^ '"-.B" n£i no question that indigo was imported iDto 

"?> *„ ^"^l O :he discovery of tbe rout* to India by .he Cape 

■■°"^^i«*=**?to« **?^«W "antity of indigo was increaaed; and woad was, 

•■■!l^W^^V«'^W' sf. to remark, that indigo did not make >bi way 



,\G"=*J\iU *=^^*^oV««*°*^;iicoan'*'"^*l"^ oe"^ vi&«!<i -without a small mixture of white, A p 
■^'^ \o -'^'^•^^xlo to w^^^.-ea Ir»'i'*''*'*-'«ratly HubsUtuted for indigo, but may bo a 

"S V-^f^'^i"? V^^^ '^ fl«i»»«~-« -»^> «,Ul not &«-«. 

\ rors'^ * JUct-') . „i,«ii ia tia<*^ o»»-fc \,y the end of a thread (wliilo being unwound) that 

"■ B^cyB.'*^'"*^Ttoavecu:Bo£cu«-ve U frequently used in the formati*! of tie t«eth of 

■-a«ii-<=^''^tTt^i^^:) ^ n;„,\oat. iofta'*; ***xi- Pera, o«A«rt; ChnJd. perzeia ; Heb. barzel ; Or. 

"^=**-„ ^^»™<roi. . M^. ?: wL jam ; Fra.nco-theoL i.or, «ar« ,■ Maso^Goth. *.w .■ Germ. «»™,- 

mOS. ^^ .„^. D«o-J"^- '^■'i.<„,-Fri««. *a:«™; Dutch. y^«- ; ErBc,ya™nn,- Welch. Aaiam ; 

l'^"s^ i-™- "'";*'■"' ' 1^" ,>rro ; Fr. /"-, A.^.,> one of the longest known, the most generally used, 

t^- ftrrv^i ; lt5^/"^'ii^t\e o( all te metals. Although found »ative, as it is called. ■■ ^■■•~" 

i^dm«8te»*e™"ely,app''^°"' U,e arts, it otiicure under four conditions; 



.,.„ . , j„ „.^ , pure iron : 2. crude, 

existB Mtfeotly pure '" ■* -rroiiBbt, or bar iron - a.nd 4, ateel. Its precipitate, or nileadt! from a chem- 
urCB6tirou;8. ii>nHenWe,OTw ^l^ ^^^ i^-eruiem.^ and does not present the most important practical 
ical Bo\uliun or ™[""' V^ DeDosited in tlie electrotypn-way, it is mure coherent, but still friable, ll 
U ^StTbr^u-^^by thrmethod in larg^ ,>Ut«s : pieces of an inch square are rare. S^a by 
rc-a«cted liKht, itl^surfHcea in this condiUon are moro brown than p-ay, owing to its immediate oxidation. 
A. fresh (Viicture is. however, clear gray. Its teicture a crystalline, or, more properly, an nseembla^ 
of cryBtal.1 lotwely coliering. which appear cubic._ Ii» this state it is not at all maUeable. When fresh it 
is liighly ujagnetic; but this pnipertv mpidly dltB»inighe9 on expnsure to tlie air or moisture. Its den- 
Mity is not known, and can with difficulty be ac«;viralfilj ascertained. When broken into spiculie and 
approached to a wire no longer at a red-heal, or n-vcn to the lateral flame of a spirit-lamp, it decrepi- 
tiitMs slightly and becomes converted into powd^rr of the peroxide. Its other properties in this condition 
l^^" ?"' ***" thoroughly examined ; nor are tliey likely to present much interest except for merely 
^rKJcuiative, and. perliapH. for medicinal purpoactt. 

xji the condition of ,i„l, on the other hand, all ttie peculiarities and hnbitudeit of this metal are im- 
%lti^ *'"J'f'' *" require a Hpecial detail and Jisou-sion in a separate article. (See Steei. ) Under 
»'»«iins'f* ,■ .-^TT"'*™'' """^ " P™P«r to it io ila two conditions of cn«fc and malUablr Won. The 
*JirtV.r<.i.i r^^P™^"*^'* ""csBlwo different etfttes, i. e. the manufacture of cast or bar iron bi-inf 

«J'»*t.ii«..i,»u """^ be derailed separately. In other regards tliey mill be spoken of toirether hul 
.-^«i;'^,^^X^;;;^ry; and it ^1 l«a So dcrsiood, that when not other^visVexp^Ue^fthe ienL 

"'" ita'^7'r"' ■ ^^ ™''*^ "^ cruilo ii-on Tariee according to tlie state of 



t»«.--ti^ ^ its'X7 i^ "?" ™'?r "f crodo iron vanes according to tl.c Btafe of combination and pro- 

•"*^rn,ediale s ta™ ^!^ in^d>«i^ carl»on. from dark gray to silvery white; passing tlm>ngh diiet^ 

"r texiure, (whirK?, ?™J'''"''"^*'''^"K*'*- »-«»«J ^*"'«- ^' ^ "Poo these indicatitxis, coupled wNth those 

P'-J'«ta,Ji^' '^■^'^''.J'" be spoken of directly ,> tl.at the metal is classified in commerce, fiark^av ii^ 

/^•^ '^"«^s!°:i'/««''^»»"PPO"-a t^ Jenote a fitness for fonndn- purposes, 1:.. for h^^'^'^ 

LtT- *^'«' bri^htt^' T^ ^" deDomJnalion <»r siKb a whole class a foundniron. or fo»ndrr»' Jia As 

a^V •*^-»' ^ ooj^e^^,?'! K~"« "«*' """l x.*«re silvery, with a bladed texture, it « ^^ei^bet^r 

S'^V*-'^* <*islScJ^^7u *"v'" ""^''-^l-fe iron ; «-«cl the «bole clas« obtains the name ordinarily of^„'^ 

^>^'"»« Sve t/J^- ■" 'PP«i»=il **> t"«^ "« extremely k»se and unceS; an^ leC.^' 

'■«-»^^"?'^'Jeiroo. InS^ff ^ *° eittacsr "what caus^ or la a permanent practical conseouence of 

* J I"',."'"' ""^^^ofTM-u"^" **•« -Ji«ti>ictions in this rospect'^e much le'U mnXd Tf^^^y 

^^- K^T '■""'»"'« ^Plyo^v? '.?!'■ '" e*^«»-^i^«"y«,''PP™^'i,t° attach to the best specfmons Of cL!^/ 

■""-•-Vi,"^"'^'*"' ""dS^^'^^"'"**'*--"" ,^^'^'""8""^ I»li*i^"e.itwmberBadiy^„^.ive| 
».. .,'"■ penaenl ID no c^aakall deirreo upon the nmcessM .K=. l V ,'''"^'^"' 



legreo upon the processes that may have been r 




u.™,,,: to?',"".) .f «." •9..; .„.„.^ .,t or i.b„, 0,. £ of ; dS m^ °'.rrv^ ■.""J"' '"''' 



IRON. 




^^^^!^^^^/v 



<^^-c^ 




^^cb in linear din»- 
"■^Sier, and " most ftr 
^^othera by their 
^,^ni8 to be mainly 
'*^^\flinentou8 struct: 
' «:» some degree de^ 
Y^ the bars have 
Z^ ftize to which tt^ 
^^ J^riBtics, or^nally 
^^r^lor are the chier 
j;e pointed than 
square or under, 
#^ But there is aa 
^Ijnined, and both 
^^periment) upon 
%ri them to the sa. 
tal; and 80 they 
- K connected with 
^ fts of different ot 
-^V of the wei^hte 



^^on, and about ^„^i^j.,ir.of a grain in weight" Crystals i" J^^lJ^ "^ 
^euUy occur in six-sided pnsms, sometimes connected m fascicles b> "Jf*^^ 
^as, in a Bort of stellated or radiated arrangement The white color of xxk^ 
Rising from these arrangements of particles." Malleable iron i» euppoaed ^ 
Z^^ ; but metallurgists are not agreed how for this arises from (as it *f *^^ 
rodent on) the processes employed in the manufacture. The amount of *"Jo* 
^ergone, the ctegree of heat to which they have been subject, as well as u^e 
may have been reduced, all affect the texture of specimens, whose other 
<1 subsequently, are apparently the same. Nevertheless, this property an<x 
^tnmercisil tests of the quality of iron. It is generally supposed that a »"»**•- 
,^Ailar, and a tendency to become filamentous upon being forced into bars c>f 
?^ indications of the two main characteristics of good iron, viz. strength and 
^jt oo criterion by -which, on simple inspection, the quality of the metal can 
manufacturer and the consumer are compelled to rely (in the absence of 
constancy of I^ature in furnishing materiab, and the uniformity oi Art id 
^ processes. The same ores treat^ in the same way ought to produce tlie 
^erally do. 
^ture is the property of dennty. The variations in this respect between 
^eT8 are to be attributed partly to the difference of methods, partly ^ ^^^ 
ployed, (a much more influential cause of error than is generally unagined,) 
\yi, the individual specimens. Their linuts are, however, sufficient/y cloee 
^l^le average (the density or specific gravity of distilled water being called 

Crude iron, foundry or g^y iron, T* 
" forge pig or wmte " 7-6 
^^Ueable iron, 7*6 

^^^bt, it is sufficient for practical purposes to consider a cubic foot of dis- 
•-rfiatang absolute "^^o o^***^ avoirdupois; so that a cubic foot of iron in its different conditions 
'^^^^^ as equal to ^^^Lg^^^ ^® indices of specific gravity given above, respectively, in avoirdupois 
"^ ^ one thousand *'*^^t>o *^® pound. For rough approximations, iron in general may be taken aa 
^^ ^^ ^^^teen of which ^^^^^^ ^ ^® cubic inch. So far as crude iron is concerned, the specific gravity 
tSS^^*^^*^^^ ^ one-fourth of a V^^X '^ ""^P^rts upon ordnance to the American government to be an index of 
■^^^^^^^V^^ ^cently conside*"^ (jO^ *^® greatest interest where cannon and guns are concerned,) vix., the 



^i to the vanatio^: 
^of taking as a pr4^ 
^j^Safic gravity of 



t>*^- ^»-^^^»-^^liy8icaI property^* ^ the metal. Of course, such indications are not regarded as absolute, but 
'^^ct, ^^^^^ ?»r cohesive forc^ \3^^^ ^^®*^ supposed hitherto to apply only to the bSt sort of gray foundry 
^^a>^ V.^^tive ; and th^y .^ 

a^ ^i^ -r ^ ^^^^^^ ^ cohesion of iron in its different conditions, experiments have been 

^ ^<^ ^ * Jiis property of S -^^^ results as accordant as could be expected. They may be found de- 

^ ^ --» ^^rous and vari^ _* ^^veral special treatises; such as of Barlow, Duleau, Karsten, Navier, and 

seem to show 
upon the way in 



^\jt^^^. 



*^.^1<* 



^^e or less fully %^^\%cp^ whose apparatus may be considered as the most rehable, 
*^ The results <y^ dyt^^^ ^^^^ ^® chemical composition of the metal, but also up 
^_ ^,J^' Jon depends ncr*" iJj® amount of heat, for instance, to which it has been subject, the extent of 
52i^<5^*A>*='^-jg been treated * A. ^^ *^® dimensions which have been given to it, and the form in which it 
Z^^X, ^ i*'. has received ^'^l»«<''7 °^ ^® resistance of materials perfect, the behavior of the metal under 
^W^^c*' ^\i>{i. Were tW distances would detennine for any or all ; but in the absence of such theory. 



t^^^ 



left , a^ .- 

ior^K^^^lliof^ or set of cir^*^ 

h^^ \^^=^,. ^ 



{lie observed results in the chief positions and cirbumstances in which the 

*"' '^ ' • - - • - tending 

to a 
force 




»' ^»^^ J • the A\^^*l^ same direction; wiia w lermea relative co/iesiofi: 3. Resistance to a torce 

i^ <*«^V" / *° .,«u in t-f^ Zhn Tnnffitudinal axis of the mass, or a transverse force ; this is termed r«- 

to ^^\^«^^|"f nv S witlj J^ to a twUUng force, or to ^or«on. As to resistance to impact or renili- 



for square bars of different sizes as under ; 

sizes. 



t- *• jt^dovex — oo.uw 

i 'Ocl* ^ same area, they will show a somewhat higher resistance than the 

*ii k ^e round ^th. *^ppear more resistant than when round. Iron wire, from the mode 

^Vhen tfie fcarg ^^Ired fla* th^^^ ^d to exert a greater proportionate resistance than hammered iron ; 

^l^ve ; and when /^Inerallr sunrr*^^^ Muded in the number given above. In fact, the increase of resist- 

of infn"'*^f«fe, i^ ^^jL taken aS^ *^ progress with wire to a certain point, when it changes sign, and 

l,^fc Its average ^^^ KrZLi^ ^'^/widi the area. Thus, in Telford's experiments. 



aod 



wi^' 



^ f 



^t justify this inference. Annealed iron is hardlv half as strong as 
^«c numbers being extreme loads, it will be readily understood that 



the metal n,^L ^^i^^T- to he sttts 0^^/^m to its former dimensions; but beyond, although it will continue 
sDdwAen.y^^e^t^ tairen off ^r'^ ^t««^^»«« a«d injury are permanent As a general rule, it is inju- 
to stretch i *^^''/>^ M^o ^ore Tv ^ ^ine-third of its breaking weight The tables of Tredgold, which 

dicious tojn S^^^ffM^^^ith more *zf^^ in practice, flUo^ ***® strength of malleable iron in this sense at 



^WZ^ 



»unc| 



■ ' , * AUf^ heam and the cube of *»»« j xu i. .» 

^ ^aTumed to be solid) of A °J «> >°^f^/«7^ iron should be as much as possible avoided in 

it. i« ve^ often surpaUed. TT^e "«« ^i^^atde more thsu half as strong, but it is also le^ um- 

s.^ rains Ji this kind. It 18 not only veiT ^ . , ,. ,, ' , 

L TT^ore uncertain. . ^ ^ ^here the beano is supported at both ends, and strained 

rormulsB and rules apply ^^^^f^""^^^ J^in the case of miU-shafts, Ac Where the load is ^ni- 

<? acting in the middle of the length, *® ' ^^d beam, the effect is the same as if Jive-eightfi* of 

istj-ibuted over the length of such a,«"Yi«<rth. and tho weight boroe in this case will be 1 A 

ei-e applied in the middle of the len^u". 





- If the load is to be uniformly ^r^^^^^^^Q^^^ will be the same as in a square beam 
practice to consider that ^t* 8"^°^"/, °^ ?"? ^ith the same weight in the middle of its 
l1 to the diameter of the cybnder, ana loadca >• 6 



rAuy^^ ^^?^^^-' - - ?2"»!^r^'„^XtSdrov';i' t;iie ie;"gS;vr.y7^^^ 

... r *v« 1 ;4^«*.lf miiRt be taken into the account as part of the load, 

D.., the weight of the beam »*f ^^^^^^ 5^5 : 8, as the case may requ/re. To diminish 
„„ . ^\y ^'ftributed or cen ered in the Proportion ^' f J^J^u^j ^ make the b^am or shaft a hol- 

as far a^ :po««.ble tlie useless load in such instances, it '1"^^, J^^^^^ . for strength and stiflhess 

low cylinci^r. Tfae rule for determmmg Uie dmiensions ^f ^^'^"^/be?eS^ that when the thick- 

do not rolI<:>^-v^ the same ratio of diameters. In general, it ni^ °^ ^*:f^^Cr {I Z^* more than a safe 
ness of «.o «^«tol is one-fifth of the diameter, (whidi, if the \o^,^ "^'^f ^^^^f^esf one^^^^^^^^ 
proportion,> ^-J:.e strength of the hollow cylinder is nearly two-tliu^ ajad the ^t^'^^f ^. ^'"^^^^^^^ 
what thejr ^^^^1<1 be reBpectively in a square beam of the same depth, wJule there is a 8a^ mg of one 

y^-S^ "^ "**-"* '^^ ^'''"**^' . • . . -. • *hp -substance of which the revolving parts 

4. The o£B.xz»AeJtjr to resist ^or«o« is of great importance m the substance o* T^^^^. V" .^^.^^ and dura- 
of macJiiner-j^ are made; for it is not unfJequentirb/ a submi^-sion to torsion that ^^J\^^^. ^n^tZ^s 
^hty are ^^T^^rod. JNTaWer has explored ie theory of this resistance ; but the «^P.^'?"^,r%,^"re^^ 
which are >-<^<^u.Vecl to make the theory of practical application are unfortunately de^^^ the nro^^ 

of the ol>««»-C^«.ti<>ris made hitherto are remarkably cfiscordant The following table gives tlic propor 
uonate re^i,=5 ^£».vioe in thua respect of various metala 

Cast-st<?<»l^ 19-66 f Crude imn, (cast horizontal,) ^^ 

Shear ** 17-06 Hard gun-metal, ^^ 

Bliater *• .. - 16-69 I Fine brass .^. 

Crude iromr:^^ Cc^»^t. -vertical,) 10*68 Copper, (cast,) ''••• ..^- 

^rou^hit-ijr-on, (coxmJ^:) 1013 Tin ,.I^ 

C«5h»arcoal,) 9-60 | Lead, 

It appe£^r&. iTi-om tlji^, that iron in all its conditions exercises this resistance pre-enainently ; and that 



«-udejron <lI.«i»^:3 not di ffer in this respect materially from wrought-irou. It has been generally wjsumed 
»n metsLllur^T'^^ er-esatises hitherto, that resistance to torsion is in proportion to absolute coUesioii. ine ex- 
periments, »«^ rkmr^ cio not sustain this, as between malleable and crude iron. aui 1, 
In a pr«-«3^<Ji«;Er i>si.rfigraph, a distinction has been made between strength and sOffrtess^. Aitnougn 
ooth are in r:»^*»-fc l-tmctions of the absolute cohesion, vet the latter is a meiieure more particu arJy or 
«"other p/,^4-ic^«.I p>«-operty— that of elasticity. It is in virtue of its cohesive streiij^th tlmt a substance 
^^^^^U at^y cMzm^wrts^^ <^r f*jnn or position ; it is iu proportion td its elasticity that such cliango«, when occur- 
""g;. are «ofc ^^^^^^^^r^^n^. Thus, up to a certain point, a bar or wire which has been lenj^-thened by a 
«tj-«in w/i/, ^^f^^w^ <Ji«^train is removed, return to its original length ; or a beam that 1ki-;J bc-tm deflec ed 
pls'li^'*^^ ^^^ * *' «riMr>« being: relieved from the load, reaSe its hori;«>ntal position. When this p.int is 
Pj-*ed.an.J *J*« ^^^L^^^'^" «/, ^«fl«<^t>«\refain permaner^^^^ ^"1' ^Ifl 
t1cL7*«J" «^-J.«i.««-iIv tbat the piece, whateverlt may be Sa«'«>t^««*^^^«^». teclmicn.ll.>> that ts e la.- 
t^v/!^^-^'*-*^""^^ P"" '^r^^'^^^lf' ?r«J^,^'^^V«'«nwi1uUoTan extension, within the limit.^ of its ela.- 
'o aL^ ;ec.«^<^:«-- -r.-^ ^^ ^«''^;*^ "J"*^'"*^ ^^"S^**^ ^^en the strain is acting m that direction :^ it is not safe 
^ftc^r'^'' ^ «^^^*.^'',^^^®''^*'"?>?^?^r«^^'^i<^h have to bear a permanent load, (s^^^ as joi.t^ girders, 
: /•'> Wian _«^ <i>:r' «».«m inch for each foot m lenirth. or -«.: . ^T.t _*5t„^*u .-" a V„««bers White iron 



r,' '''?^«l''*^_'^- '/^"^'i?" Z't^^'^ZZ'''^''^ AlJl/able iron wai be^ an extension ^- '»''<>»* 'W// 



ar.i '" -'^^^^ T7.^^r, TJ^t!:;;.:,:; ■:*"'?^.^'t'^ ri>'j;S^p5otCth'^riU%S;i'of /sudden im- 

*f "'J 2^ Sl'iS'r^/^^^^ wh«"t*v™; r; «,c?^:?^ "'^^e. ™s res.Cnce i« of great ""?«•?»"-« ^° j^^S 

^''"^k„re%f^ I^"^^ '^iBt.tl.er .he eute a^^^ '"^^''e' «hould be a lowed to l.ave ; ^"^ J^^J^fiSt 

'-" "tnict bv- » iSxnf -5^ -S-a motioa I„ (hwrH. '" , ^"•"■tion strikes against a body nt r''^'"J[; „f dcn^itva* 

■""e'J as „f-^ft» JVY7-i"t^v i « nd hence r-,.r!!--*' '^'*''"wco ia a function of absolute col)e:-ion. Mitl of density as 

-^ *• ^™.lebono exhibits It in a pre-eminent dogree. 



, . i.«^e been consiaered w rT^^ which arise from ita affZSLt T^' 
^J^uT ftu'h^ U»e greatest •?««>' *Lt a uantity of ^lo™ for a longer time, and witbW 



. . _„ ._ „. -ed -.P'«i!L«^chtrte.l*^-!y ^y^- 

tures. 

Of all 

reaistirk^^* «^>ma.n^e of temperature. ^'' Tt.*'"*fph^ inde: 

alterati..i^»^ <^r its own seilSible temperatura llie i« 

82«> F. to 212° F. 0-1160 

^^ ' 892° F. 01218 

672° F. 01266 

fi62° F ...-••" 

* ;« the same ratio, we would have at the supposed epoch 
Sai3p:B^«z>N^xoc: the capacity for heat to »"g;™ent in^^^^ ^^^ ^^ fusion = 0-3282 ; that of water in equal 

of red-^'^'^^K.^ WLWM. index - - "^'* ' "'"» 

weiglit* Vi^^^sn^ l-OOO. 

be m 8c:»xrx^<3 j>i*'oportio». v« — ^ -j . - «— |..| im^o »»«• «»»« v* »t»*»i»c «,juu«^ uvu v jl^voo 

observe ti fcL>^^ -Ftog:nault, ia represented by *J»e i°^^? "T^ations of refined iron, would have a lower inde^ 
Gray cr«:a«=lG :ir-on, as far as may be inferred from ^'^f;,™! j" 

*^J^^'^**^^ »'"^P» ^"t there are not observations to sett^^^^^ It expands less 

^'tJ^^'^^^^^i^^ **^ '?" by heat presents 't.-"^* '3'i^timony. The observations hitherto have 
^ ^^^^^ *^^ - ""li*^ ^^'^^P' P^''^"'"'"'-P"^^^IS;tbn . TV its W expansion, or extenHo,,. It is 

tiiSefor«, tia« «»e^hK the^cubicLpansl^^ ^" ^« «*P^T''°'' "^° '?f ^''^^'"hTnrl.^H^i^ 
have b««« ^^itJ^ metS oftheBecondfusion,which is almost always g^^^ ^* """"kp ^InTf fhlT 
practical pl^enomena on the large scale, thit white iron expands less than ^Y-^^J^^l^^,^^^ 
suits of T^yr^ Jl^a voi«ier, and DaS^H with cast-iron, gives an lxten?on in length of 0001 0974249 between 
52° F. and ^ 1 S o IT. ; tKig^nal length ^„g 1 • It 82° F. 'Hi'f corresponds to an extension (suffi- 
.nentljr aoour«.t« f,yr p4?Lfl use) of ^.X^tt of the original length at 32° for each degree of Fah- 
renheit. TFac3 «:K:tension of wrought-iron SS^^en more frequently and more vanantly observed The 
results lie l>c- e^^eea OOO0600 of Bonguer and 0-001446 of Hallstrdm, as the extension on a length ongi- 
jally 1. at S S <^ F. Theoretical considerations, as well as an average oi the most reliable observations, 
ietermitie t^Imis ejx tension at 0-0011356 for 180^ between the melting of ice and the boiling or water ; 
3orrespoDcli«^ *o ^-^^ « 3,,.„ of the original unity for 1° F. The extension of steel appears to be um- 
Tormly liig-l^^c^r *iian tiriS, 2nd to vary according to the temper of the metal in that condition (See 
3TKXL.) JB«s^^«creen the limits given, the rate of expansion maybe taken as constant for eacn degree, 
ilthough ixx ^erdotDess such is not the feet ; beyoncf 212° F. \i would not be proper to rely upon such an 
»««umed cox>» t^Anc^ : t>ut at these higher temperatures a knowledge of the dilatation is chiefly mterest- 
-«in theor^i-K tLlcal science. Rinman supposed; from some observations, that between orduiary summer- 
Jeat(8ajr '7e»*=* JF.^ and ^hat is called re</7i<?tf^, crude iron extended ,V an<i wrought-iron y|j of its 
^Ig-inal ien^C^Ki z t»ut these estimates can hardly be relied upon. The ioVLovriu^ table presenU the most 
irobable vx^l mjm.^& in tbias particular, as well as certain other phenomena : 

xAotinng the actual Extension of Wrought'Iron at various Tentperafures. 

zmSxeit. Lengtb. 

.^S«> . 1- 

^ :K 2 1-0011856 

/S '^^ .' J r r r r.'. .'.v.* **.',!.*.*.! 10048253 l surface becomes straw-colored, deep yellow, crimson, 

-V.^^ 1 -0068894 ) ^*°^®*» purple, deep blue, bright blue. 

^^t^ 1-0087730 )„, .- , 

1 i ^ 10114811 ^^^™"^ becomes dull, and then bnght red. 

T^^^^ 1-0216024 i 

^i U^ ': : : : :::::::: : ::;;:::,i-06t28i6 r'*^* '"^^ y^^^^- ^'^^^^ *'*'**' ^^'^^ ^^"^^ 

^^X ^ cohesion destroyed. Fusion perfect 

^^^ol^^^^r^^^M^^^^f^'S^r^l'^ ^^* ^° °^"P'"« » low rank. The foUowing statement is warranted 



««»6«C^«»<=*^«»- Conducting Power. Bubrtances. Conducting Power. 

OolA 2-6728 I !__„ 1- 

Platmr^m^WX^ - 2R909 i*ON. 



^latMM^MJKWX^ 2-6223 ^^ 0-8121 

^nv&r -• 2-6009 I t^j* 0-4801 

cbpp»«r 2-4010 I Marbie;:::;;:;::;;:;:;:;:::;''^^^*'--^- 0-0626 

Porcelain 0-^326 

Brick-cUy O-O302 



^lOc —— . — — — — — — — " —--.---- 0*9722 

Iuo}r — !• 

^es( 



"ese obsei-'v-*».ti«o»«^^ ^-^fc>i- to malleable inm ri- j J ' ' , •. n * i^'Tt , 

','«*> «W t*^ « ««^m -^ ,z.t-or»«rtie8 of wr^Sir^™*** '«^ '^hose specific heat is greater than its diktebiWy 



^^orptio^^^ *-*'»<T^X*ac^.^ j^*':^n,^ »nd reflection of heat 
■''^sicfea tI-»«=^ !»:»/¥ u «^«^»^«^*5 upon dilatation n^ .1 



y te/npe 
«sumei i 
-ittle in 



^*«theris,tl»**re/o^«^^ m^nfUvorableforan'^ ''^?» good equally for all conditions of the metal Cold 

/ practicaX test ofquaUty, (such as for cannon, claaiii-<5able8, 4q ) 



I 



_,.^3t<K»tic 'ftlo 

Si««5Uf •■" °"J. " .610 ^ «|«-r 



In.. ^ " *'"'" ""S S,""" .^wj 



metal ■^■J „riy ^de or cj i^'-on of?;''." a, ^ 






"'""ilTS^ to it. "mprtv^ '»»,,„'''= .pp,,'"f»no|. m, ' sT* 

„et,l ^3 „r.y Sid. o, ,^' ?««»« ofS'"'.- r "f "' Ira. R" """o 2 S"''"«-o 



tbo o*^ ^^^enl by the ;„ ^ 's (?ii-.„, .5 ^shr (i,„ j '""es. . *^t>». 




at aU on iron or its oxidea, artificially. 

«ii class of minoralB. The different sorta of 

c»- «tv«-» -impounds, or hydrocynnates of iren. wh»e 

^ . . T,, - . «.. _— — JvveW "^v*5^^*^'*=», n.n^ urhoo. acta v«ry feebly upon iron and its 

'rt»<<^?:^< --*!^-^niS,«^ ■!i.^«<^'-^^--_-t. .the b^s of ^ ordina^_ b ad. mka 



-'^%r**!f^'^^*t;-« *'%^r:^^>^^i'''5^^^ - ^«dTte ^d^,;:" IFo^'-ai applioatio™ in the arf 

*'^''^t*n^^*'^^'^«tc";^^>««'^oiSA»"^*t- =-^ i« undoubtedly the beat. thQugh not the mo«t 

J^«*V*'^*^^'^^f'^Vro(v>^»Jtt^feeb\«^"^^^*"n upon iron i at ite average coocsntraUoo .t 
Va*^i^Si^S^^ ,*irrf^*^.^Xv>»« !*'i'> oecui"^ *^^>»«.'«[or towar<fB carburets of iron, it generally 

-«^' oo !?^-\iq>"^-^ „r 4 o'"^«= ».<=i<i + 2 gal-ammoniac (hydrochlorate of anun.) 

*^ weW^T^ty ■•««^„re *« ^t«=**i.w-»K U required to be deep, as, for instance, in 

• *"^^'-w»^)^'' ^e^W. *^ "^it^-i-c^cid U inconvenient, in depo^itiog a «dt diffi- 

^toete go ^^^ ftt'idit;. l>'u^ not its oxides at ordinary temperatures. The 

'^iBcW *"'' 1^^«B "'***'*"* mt^r^a^t to the arta as yet -, tbe natuml ones f(»TD an 

tow- 1 nJp'""™'*' """^ a.<5fc ^apon iron at ordinary temperatures, and with 

. ociA,*** J "*a certain extent tl»«s «iilution, increaae, foraiingr, ultimately, sulphates 

Mtatoie. "^ -.JPtiie onde* °^ '""' *" "^retrioili proportions. The cryBtallimd sulphate 

eneiE^ "Tbas b1»o coinVnoo "^merce Rb jreen oil»^c*Z, or topperat. When this is heated in close vea- 

•^."^ ^miou-le « ItiwW "i™ „.tBllii»tion, nnd upon c*>ntinuttnoe of the boat, after divers diangea and 

of tne p**^'^ _,.v. 14- tfater o\ ay^""-;-^ _.,_„ n0m.^i«-1^^ _>*- i_^« .«v:.^i. i„ *i-«. / *j. ^r ^^. Tl . 



«irti ita water ot "-[.V, ;„,„ nure peroatitl** of 

the cr<>cu» "'"'^ , metaL 

of Btocl and *H^'"2';^- ., „ oJftaltne eort/u do not a.p j>eaT to act upon iron or its oxides. On the con- 

BoluUDOs oi ™I "" g „ther to retard the decom *>o6ition of water. At a red heat iron will take 

If"^l«ut'l JwTr cent af ammoniaial ga>, he-mtstiag -«r¥kite and extremely brittle, but leas liable to alter- 

■^•^ frum Bir or moiiiture. At the same temperatures, potaita and Moda are deoxidized by malleable 

iron ; if crude iron be fused wilh these alltalieB, it par-tJS progTee«ively w^ith nil its carbon, and become* 

bar-iron. It has been gonerally auppoeed that tbe nk^'tn.llic bases of the allcalies do not comUne with 

iron, or imtber, are Hobfimod at the lemperature requiB-^tl for auch alloy. But more recent observations 

dianffirm this •upponitioo. Paiatiium and aodium, ff"«i»r inelance, can be combined eynthetically with 

"oo, and magiuman and ealcium are often found, t\it>u.gb in minute proportions, in tbe crude iron of 

o«n^erce How far they i„fluc»:e the character an<i quality of this metal is yet obacure. Kar^ten 

'T ™ ^} I»TiF "' I^j'siium cauaea the alloy to Y>« hord. and to be welded with difficulty, whUe 

'S'oJti^li "T " ™** *" '"'P^'' ■""'erially the qvi^lities of iron. Magnesium appears to be got rid 

•'-fc^^^^^i:^^^.''^'^?"^ V'? puddling. Barium no otherwise atf^-ctsX^etal tlSui by 

j^^^^^™«8iDg the operatiooB of tbe bjgh-fumace. when present with the minerals there as sulphate of 

i-^^-r^S "e^^it'lr':'^ ""^ "^^ ^ m«T.tioned „7.™ and af«„.n„,^ exercUe, at ordinary 
^■°«"x»ed »i,"™r^".'^y temperature "below fua.on, no appreciable cbeml^ action upon irS 
"po Or (,_ ,,,„ " ^ "f- " "u last temperature, tliey are reduced to their mctjiUic Imb™ r^S.wl^i, JvCI 
Tt^T ^ found ^^lr'"5'' ^'*'- i°"'^mbi««t.i«^ with the iron, nnd tn^Tyl^ m^ir U^ %^ 

wt\^ ^S^^ri-L^x™^. " ^:?^ "HF" -^^^^^^^^^^ 

lie, to licftv^e taken up 



■"actur-^^' ■ proportion is often 
ft«ujci fcS,^- •" take iw«,uQ, ^ 



tbeti.^ 









'^ anuller j».M--«;^,^»ortion acts injuriously. ^ ^ " <=««nbuiatioiL 



'*''°"fct"S^t°'"^' 



B. iron 
b tkre 



IRON. 



Il^^h^"^^ '° ^^*^; Tf !['' ^ ^ ^^ departments 0/ 

i™» «f n«.af Britain ; w » ^»°« ^^'^Jlfce • it retumfl a^paft of the metal from ^EartzAi 

.^Ll^a^d AuStn e^tB in abund^P^.^^ the Atlantic c^ast, when, as little n.ore tlLul 

>^alSS wciked of the iron^res of ^^^""ly Pliable resource for the supply of crude iron for the 

.^x:.^;*^ UwLtrious^ l«^!^^/^t many poin<«' stiU contmuee to yield a profitable i^tum -, 

i^^^iS^ Id, worked with charcoa^^at m^ J^ P^^ ^^j^^ !f V^T* ^'"^?^ ¥^^ ^^ ^"*^^« 

f^ncOljr, when fcJeign competition la, for a^ ^^^^^ and Vuiginia to supply the entire oonsurap- 

it^rriLous coal-fi^ds of Afaryland Pennsy ^. , - . ^ . « • 

of the whole American contin^^ ^^ j^jj Mineralogists, and metalluiipistB OTen, often 

— « the principal classes of *^ailaDie " ^ ^ ^ theory, and sometimes may be in practice, used 
tbeir number to include others, ^**?* oferrath. the ehamtnaite of the Vahus, the gameU of Henne- 
a<:a^e. So the ailieated irofirore of '^^'^^y smelted ; while the volcanic batalt of France, Qer- 
titaniaied ere of Maryland, are a^t^* ^^^ Siberia, contain iron enough to render its extraction 
d Ireland, and Ute jasper pt ^®"°*^^|,ich contaioa *^ P®** cent- of metallic iron, might be sup- 
So ihefirauklinite of New Jersey, . . . -^ fact, it has only been employed, hitherto, (as 
pooper for the domain of the i<*on-naasv« , u .^j States,) in the fabrication of brass, and 
ars ago for the weights and m^ures 01 ^ne ^^^ j^ ^^^ ^ f^ ^he other mineral combi- 
wiU ever continue to be mvoked I'^^^^LZ,:^ calumhsiteB, phosphates, and sulphurets, Ac.— 
which iron is found— the arseniete,chrflraat-^.^ a^ worked for and appUed to pur- 
l>o omitted here. Some (sa, for ^^^"^^^^J^y contain ; others (as, for instance, the phos- 
.l^f arts other than the reduction of the^^^^^^ ^ ^ of desh-able employment; 

P^^^*> jrj^^^ ?° '^ ^^ «"*''' *?^*^'*^^"*^'*^'2^^fhiIf no objection on this last score, require such ex- 
wbalp <M.£i^^„^ (as the sulphurets, Ac even were there no oDj n ^^ foUoVing table is 

pen«a^^ :f3» j.<»oe3ses to effect a separation, as to be qu'te use^s as^r^ ^^ ^^^ ^^^ ^^ 

of int^r^^^t^ AS showing the normal proportion of metaUic i^*»* cAioioug «* «*« ^x- 
vjarietl^^ CJ^^at hare been mentioned : 

irarfety. Iron per 100 parta. 

94- 




72-40 

67- 

70- 



- .J^J'ative or meteoric iron 

:. Jtf qgiietic iron-ore In punty gtfj.Atj 

« « Kean of seven analyses oT^i 

Specular iron-ore In purity a^tat 

Red hematite ^3 -! 

*« « Compact red iron-ore 

** " Bed ochre 

hematite (Jompad 

" Fibrous 

ostites 

" Oolitic 

** Granular 

" Brown ochre 



66-60 
40-63 
6918 
66-98 
54-97 
44-46 
42-21 
45-85 
29-64 



. . Bogironore 

^f/"» Sparry ^J 

Lithold; altered *"^'* 



** • • • 



•••••••4«*ai 



88-54 



. Met^Z^^s^^<;r^^ '/T'^^^'W'^^' </«>^--Under this head belong the «n<?Wni7 of the ^'^^ **^ ^"^"^ f^ 

ttOD; <Ja« ^x'Z^'^^^^^l^^P or remelting of that product when required to be in certain forms and of metaJ 

popi^rlyr *^«-"a^d c€UMt~vr<m ; the refiniiM of crude or cast-iron, and \\js forging, so a« togive malleable or 

i'^-im^ i «^>^. ^^"J:- ^'l^ operation, by hand, upon ^mparatively smalfmlsses of ^r-iron. known as 

^Uhy .M^^rfc. I^or the fir«t of these processes Cequire^l ^ fu^ace ; for the se^nd, a/oundry; for 

^etJi>-.J^ *^ .>'^^^'?^;/^ ^'^^^V'^T^*^^- »^^^^^ Under this last deiiommation will be 

*^iud<^c4 »« ::^*^^ ^**? '""^^nuUitions-which, from the color of the work turned out, (aod perhaps, a^A 

^^ tlM^ ««jl«rf extei-oals of the workmen,) are ordinarily termed blacksmiihing—^ ^^ operations 

^'th ti»« X«. *ia«, <fcc. wlwch are demanded m what is techni^aUy termed b, finishitiff-^^^^- 

. ^' S»«'E:t--»-JK J^-*^- This is, both in iheory and in fi-f - chemical ooeration : depending, first, upon the 

^denc.^ ^^^'"^^/'V-^''lZ:±^ tCe Unities of the ma- 

*««als »i»««.U.y-_ I>«t in furnaces for new combinations, while in a state offusion ; and then, upon the 

;*ees«f^« ^^^^^^y of ™«*«"'^^'^»^Wch,in thh^^^^^^ from i^nd sink through 

*^e meMr^^iI i^^xm.^^**- Xn this last regard, it mav vl s?' ♦k ♦ JJ!n^ tfl «^cific gravity of all the other 



^« n.«. ^^""--TV «^ w«t«r ihe ,3r *■ '" /"^^lUng (even m a coal or colce fumaco) is »o """». "?^ 



3335. 




Wina Bufered to go down for the purpose. The second kind appears to 
.. ot coor*e,^J^ TuTp-hole ^r cinder or slag to l>e removed. The stuck-ofen, used 
'modern «*^±lS^pSaVity of Heoneberg, are ^hapecl loternaUv 
wi« ^o^T ^^^y Se frim sevcMi to ten feet high, tuilt of sand- 
?lg. «iS»o- /^ 4 of castriron. There are two openiog« : one at t, 
>ib\e p«"^K!lIi xn front for working— i e., removing the cioder and 
' ; ^« l4avs mnnilig out ; the metal is kept in (it is never veiy 
^der i^ ^r^ brick, which U tetlien down when the stuck is drawn. 
^ry ''^^Hich weighs from 500 to 800 Ibe^ and which Twras formed 
lint^pe^ "^Xawn every day. The improvement of deepening the 
re, wat^ loupes, which were separated in the workings hy dry 
seve*"**^ removed every Saturday evening. A^t present, the 
r, and "*'^^re drawn whenever the hearth becomes full, hut with- 
3 befo^'^j^j^.jj continucB in blast several weeks. 
irnac99 are types of an improvement which was heginning in the timeof ^grioola, 

ftirn^^'^-'^^ j^e Sv^'Ofen — in France, as fourneausc a manche — in £ngland, as tap 
nnan^^ ^as to let the metal run ont as well as the cinder; and the method of 
of ihi^ traction of the crucihle proper, whereby the hea,t became more Intense and 
** * SS^ stiick-ofen— which, to be sure, always fields an excellent quality of metnl 
\d. '^'-?*^ore and in fuel: the low temperature it affords is not sufficient for the 
both *** mbination of divers impurities (such as^ manganese, silicium, <fec.) in the ore, 
1^®^^ ^^ratively pure -, and as the slag contains ordinarily about 40 per cent of 
ft co'^'^K^h sinks down on the hearth after having heen enveloped in tliis slag, be- 
tal, "'^'^ w^reted, and is, in fact, a mixture of crude iron, malleable iron, and steeL 
dec^-*" ygater part of it crude iron ; and is, therefore, the germ of the modem 
®^ I state, and like tlie Henneberg furnaces, only higher, (from 20 to 85 ii^^i,) 
actwa.^^^ to this day in various parts of Germany, and in some places of Sweden. 
^^ *^ ^ indeed, until recently, all properly fluss-ofen. Since the intervention of 
s '^'^ore to tlie models generally followed in other parts of Europe and America. 
*^*^ ^ill serve to show the probable march of improvement, as longer observation, 
*^^ teriftls that might yield iron, suggested the successive steps. For greater gen- 
""^SBMO. 233». 2338. 2337. 



"^^^^r 




%;!^5555?5555^ 




these figures show only, tbe cuvette or mside section of the furnace, which neces- 
xternnJs. Tbu..^ there is no doubt that the earliest shape was the pris^ or 
. 2S36, which we know to have been m use in the time of Agricola, Is^^uW 

with such a 8haj>e, the material, were too heavily pressed below to alW^e 

relief ,„ (hl. res^^ct ^o^^^^ ^ ^^^^^^^ ^*««"n& ^^ sides inwards, a^ sh^wnln 
ipon exDPrinn«« ^* ^ould not fail to be noticfid t}i,it if ♦i^^ ._•_,* . e^nown m 




"^'"ff ^i^e b^,J^ 




or by the 



«f thJoS^ <l^radations consequent upon its use-"'it ^\^ 
part of the cuvette, nearer to the bkst, as wotSlbL 




, . « ^^mAs out ihrouirh a shoulder cot 



A »Vx« f«<«»*^.^The cinder- poura over the top o 
tothefoot,to^»^ \a,aa-eto^ "^^^iog ^PJ^ .„ j^^ masonry. 

fo *e lower fe-o^*^^ * .^X ^ of ^^^_ f^' fP^^V..Z^^ 




no"**! 



19 

or 

ia 



ypTOUg^^ 



, Tf tnaT^r-Tuyar^. made of wrouglit-irojm 
Ilea ft J""*'-,^-;, or of cast-iron, and built 
_ijttuTe of «>^|^^349 is intended to show 1 



9349. 



\^ wuoa of 

*»^"iSir stating ««f^a toshes 
-^ that tbe h«»^ ."^^fractory 

*^t mateViia, of it8_ po^ depends. 




^Z-^ tlT -^-- 




built 



*^^ °""j „f «»mione ■ of fire-brick ; or of an artificial pusEolana of cinder 

Mtsnces. Y"^r'^ ^oare^sed; "f^W^r^^i^t. worked up into the oonaistence of mortar. , 

gandBtone. dre«ed or ^^^ al^'^r.^'trind^ P^Hs. some ^ecautions as to their disposiUo^ and 

d fire-clay. ^' J°"^cl«tur« of *« P"""!'^ ^ ^ated. the first thing after a secHre, is a rfry 

»»'»8."?'*^toThJi«- P'^'^tTtv^X W.*^v t«d. therefore, too mucn provision of drains, active 

^e '«l'""t~,."f ,,*", J' io the .T'"™*?..™ „lt^«^ hwdly be mide. Under the hearth-stone should 

^^nd»tion.p«rt^lariy»«»4iy a" Pf *'"« ^^f ^^ki,"^ iUc^so as to avail of the non-conducting power 

^ooughtoj^eoffpro^^^^^rth pieces of b^^^ «. .^ Sweden, it is. to belJ^tbe 

*^2'"*?ri.AiKroU«-^^,?^,Xr under the be/ of the hearth-stone. with th 
I **.: - _*:m ♦,. T^rovide roe****** \^ 5 rZT;^^ P^vrinot be approved on any score. 



the view of 






But currents ^''^^j^ for pa^^ing water under the bed 
^.c^tice 8tiU to provide r^* ^ J practice cannot be approved , ^ .*u 

*^^mg its duration- ^^f ' ^are Sblong, or circular, or eUiptic. The two last forms agree best with 
*^pS« of the hearOi ^J^^^;,^^ in construcaon. Witfe three tuyferes. an oblong hearth is neces- 
^^eory T the others are «^^^^tance opposite to the third tuyere at the tymp : with two tujrferes. it is 
*^ry, o» account of the ^f^^/^Tnozzles should never be opposite exactly, and room for their play is 
♦ •U advisable, because tne ^^" ....-„ „r tu- blast So far as the resistance to the blast is con- 
Sl^irable, as well as a ^^^T^Y^^^^^^ of i of the width to make up the length. 

^^^ed, it will be in f ^^^ !,^"rmaL ver^^ with various degrees of batter, from ^V. at a minimum, 
^ X at^at:l!uX'T^eT^^^^^ This h^t^roporUon se.ms 

^i^asonably great, and must embarrass the blast. But the absolute capacity of the hearth must be 
l^jscn in as an element for determining the batter; as also the quahty of yield which is aimed at. To 
^Jce foundry-iron, the batter should be lesa than for forge-pig. The proportions of Jy of the height 
£^^g- the former, and ^ for the latter, seem to be warranted by the best examples^ 

iTie s/ope of the boshea, or ano-Ic which ft section of their face makes with the horizon, varies from 
^^f> to 10°. 'There are some inAances in tho Harz of less inclination than this ; but it is not recom- 
j^^^^dable. A slope of 60° might be take" as a constant to present the maximum advantage ; for, 
st^f'^^^y. speaking, the prmsure of the Wast can be regulated so as to compensate for unsuitability of 
9l^P^^ *^^y particular case, to the nia-teria-ls- In respect to these last, refractory ores and soft char- 
^^^^iiJ are best treated with a Jess slope " *>"* fusible ores, and coke, or charcoal of hard wood, will behave 
ly^tter with steep boshes. The len^tH 'of tbe boshes, which are now always circular, corresponds with 
^^%u-^^^ diameter of the fumaS or, »» i* » technicaUy called, the vdcUh tit the hoshett. 

I *1,"^ L ' ^^ ^ obvious, must be ^r-oportionate to the height of the cuvette, or, it may be said, the 
,^liole ftejgbt of the stack; i. e. the hiirher the furnace, the wider it may be with the same materiah^ 
I3ut witn a given height, the width sHoial** ▼a^'y according to the materials, and vice veraa. These two 
items, tlierefore, will have to be con«^iaered together in this respect; and, along with tliem, another of 
tbe greatest importance— the quantity- «.n<i pressure of the Wast furnished. And. after aU. we can onlv 
deal in generahties, and not in arithi^«tic».l proportions, which can only be derived, for a given case, 
witli materials ©f known comnositjon^nd properties. The object of the furnace, at all. is to generate 
heat t^ melt some of the material- ««<J tx> nnelt them, also, at a proper place. This heat is produced 
by t/ie combustion of others, (viz th^ roi^^ O ^ . ***® amount of such heat depends upon the quantitv 
of the^oiast burnt in a given Utne • «^f » i^^l* q|iiantity. again, depends upon the weight and volume of air 
furnte/jed jQ the same time—L e ulJZ\ l:»^ a-xnount of blast The greater the blast, the more fuel will 



oe burnt, the more heat genemted %^ V»»^ ^?\^ matter melted in a given time. Assuming, then, the 
Olast »« constant and suitable, tJje of ^ ^l^cjoldbe of such a height as that none of it will pass out 
una terfd at the trundle-head. n frS^f*^*^*^*'''^ ^^""^ ^*^^ » ^<^^ f^niace, a part of the air of a strong 
oiast wrj/i oo„« ^..* „, ^u^ is rr^ j^^ving promoted combustion at all, and, tlierefore, at a ' 

thelw?M*,tmi*»^K*®,^^at, the next thing is to consider the effect o 



wSf H L?"® ^"* ** *^« *op x^ritu "IT J^^ving promoted combustion at all, and, tlierefore, at a loss. 

wi!^f.uJ'^^^''i^^ fhehe^^^.'i-^^^tmi**^^*^,^^*^ the next thing is to consider the effect of the 

^m /* L- boahea. At this poiritfi? V»^ f»termls have attained their greatest extension, and are ready. 

at o u. f ^^^ ^"™*» *^™*^ ^w beiiL '^^.rr- 1^«^*^*'' ,".^^3 space is too nanrow the ores will arrive too soon 

fl\\'^r ^®^P^«*<"'*e ; fusible one* ^i X^ Xi^.^^^^ »>^, ^^ upper part of the furnace, refractory ones will 

"« ifi /ragme/ite int^ tlie cruciM** ^^'V :ft:»^'*'*"^ ^** opportunity to be properly cemented and reduced. 

iu\^^.^^^^'^ **"^' **>« width iS^^ ^^^^^^^\^ temperatui-e will be insufficient, and even fusible 

"''Oesw7// Jescend unaltered in^n?? ^^^^'^ ^^-^^" r^-. .u . ... ... 

^^^ cbarccal othi,r things Unagl^^^^^ 




-\ 1 rpL- .1 "''*"*' ^*"* '^ iiiauiin,n3iit, ttiiu even lusioie 
at>le. ihis will be eispecially the case with charc«>al furnaces, 
lo same resistance. So far a^ fuel is concerned, tlien, boshes 
t always be less wide than for coke ; and even for another 



the timcy of eacli builder. Fipf. 2350 shows 
narkable for appropriateness, ingenuity, and 

adjacent to the front and sides, of greater or 
at the top and approaching more or less near 

necessity of these in protecting from -weather 

also advantageous in proportion to their ex- 
$ping the foundation, 4&c, of the furnace itself 
Lngs should be iron, to avoid risk of fire, 
tly spK>ken of ahread v aa entailing a difference 
due to the fuel ; and hence there is a marked 

Xhe nece8sit;jr for this is apparent, when we 
charcoal is hut one-half that of coke ; of two 

can never he raised to so high a temperature 
olizing them (viz. continoally supply uig freah 

rative dimensions, <fcc, of these two classes of 
age of each. 'I'he particulars under the head 
3 latest improvements for the use of that fuel 

eoko. Anthmctte. 

-«t, 50 feet, 86 feet. 

50 «• 40 •* 



«« 



«« 



26 " 83 

8 «* 6 

88 «* n 

8 

15 •« 12 



egrces. 65 degrees, 76 degrees 

S ' ^^* ^eet, II feet. 



c« 

M 



«< 
M 
C< 



6 « g 

i " * 

I- ^ 2 " IS " 

lb. feet, 4600 cub. feet 
»">^ 40 houTB. 

fm is s^8ub«te„«' I'T"'*^'" T^""^ "f the art 

i. e. with a l^ntiJ^" H "? '^tafned ; in Sweden. 

t surpasses tCt "f t^^**'l|f *«>« Jhe ,<.p of the 

Ishire are lower t^ f ^ "'t^'n'OfiT a height of 70 
In America. Se "H,i. Pr«P°«ion. mor,; wide : 
»id by O^P^^* 5*°"°' ^ said to be any pre- 

aandrwhiir?h?^e rfi^^.?*""-'^ ™ *»>« ""^el 
e than a few \utt^^^ ""^^'"^'^ «" * fuel has 

•« be "PPuroot.^'VhTZ^or * «"PPly of f^ 
?e upon the other rJ.t*"'?* *" **>« "so of fuel 
« « P">Portion to t^eMr^ "*.» 'educing and 
halted in ^JfZZ^.^^l'^ itconguns; 

■n attX'Jed f ^-«fth of the la^^.'"" furnace. 
her uhT 'r? *° ^ applied in a K^.t *,*^'**'"ef<»'e 

in ireneiSV^^^*"' obstacle to /i,*""' •^^^s not 
in general, iinproDer- /«i^i *» the emplovm».r.t 
o much iQ th» J.. ' ""y and /»««.•/.. *^^ *** 
nee Oortl; attempt t., carK^^ "'^' or brown. 

Tof ^"^J'y- ""J tu^8i» for « "« tbem ; b^ 

for the ™„^ ^^^'f' •'^'^ « ^Tt^*^ '*» «>n8id- 
P"T>08«» of the iron-m^tPr^Paration of 

"**^- The gen- 



IRON. 



- — "" " Wood wliicb htfi 

.^ m«« know,, as »!•?, I;:^°^"/?^ly «,a-ooed to char in 
'%^ber Bod Jar,u«ry. will be ""*f 'fT iound the three l.«g 
^ be«. arranged. M io ">« fig^e^^WJ-^^ ^, ^^ ,^. 
^^ .re lo Bervo ». a chinaney.) *"**jfi'f„r a coaling improve 
•^^twered to keep out the air. A aito l«r a » •^ 



i-l«a wid mixed toother, forming the boat '?»'?"^ '*' J?*™! 
■^ t^ b^ot .mi. *hen c«v«red. fire U applied, "t^er thro^ 



;, wbtire provisiu 



has been made of o 



' 1 flue iefi. along the ground, which in closed at it* entranM » 
'*i*i^elvB bouTB ibe kiln must be clooely -watched, and, therelbrf^ 



** *':5'::' 



iiUof 



end of t*"t period, 



little longer, aecordinj? t 



the «>Uier, the Hre -will bave taken Bufficiently, and the top 



B better tliat the operation 



:iently, and ttie Mp 
ion should proceed 



'tq three or four days the cover begins to ahrink and fall in, a 

«cry opeiing thus made, and even ne-w ones are made to etiect 

" are P"'"" ™*' "^nnot be taxiubt by talking ; they are leesMis of 

'■ cover sinks Kradually. Bnd llie smoke grown leaa and le««, reg^ 

% on '*^^*' ^^P*"^ culliere tind indicatioDs of the procem in the 

■^^iea at different etagea. Afti;r all smoke has ceanod, the kilo b 

for four «■ five daya. less or more according to it« nize, to tool. 

ihe fo"*' **"* CButJously at arat, until it is found to be too Cool to 

the drawing may be continued all round for coal that ie wanted. 

'. the wl"'e contcntB may bo hauled off to Hture, or it may be left 

' when wailed. In proportion as the kiln is well piled, flues in 

.metiwe" happens thut the fire takes in particular parts, or does 

' advanttge of a horizontal firing flue ia tested. A kiln of ordi- 

^rds ; *K" ^^™* contain BO cords. 

^ (o render >t likely Uiat the same cbarring-ground wiU be'wied 







r^,^T*^' *,'•**'« products are advantageously 
^aluable when caught. The tank hasli lid, i 



>^^.n%^»^,.rcleat'X^t«irr30°^f:erafth^'tl™^ 



The wdes of these frames are fum 
^ kejed together ■with irooden bolls 



IttON. 



J eeaaon Xnown as the Inaian eummer. 



Wood whick bu 



Z^« be«„ ",;^7« io the fitf..re« ar^uud the thr« (o^ 
TlXch are to serve m k <d.io»ey.) and _p-I«l «» evenly aod coot 
Jt be covered to keep out the «&-- A Site for a coabng inprot^ 



den Knd inix«d to^tber. forming the best materiBl for the cor- 

be btul of sod. When (uverod. fire in applied, eitlier through 

e cuDtre, wliere provuion Iiob been nisde of pome light irtwd 

Que left alonK Uie ground, -which is closed at its eotrance ai 

-eWe lioure toe kiln must be closely watfJied. and, therefore, 

d of that period, or a little loiif^r, according' to the kind of 

the collier, (he fire will have taken sufficiently, and the top 

<m tliat time, it ia better that the operatioti oliould proceed 

m or four daya the cover begins to shrink and fall in. and 

'--J thus made, and even new oubk are made to eilect 

it be taught by talkir^ ; they are leeeoDS of 



peoiiis th 
inta that' 



or five davB, less or more acrardiofr to ita aiie, to a>ol. 

lUt laiutioualy at first, until it is found to be too cool to 

ii^ may be rontinued all round for coal that i» wanted, 

e contents may bo hauled off to store, or it miiy be left 

ited. In proportion as the kiln is well piled, flues in 

ippcns lluit the fire takee in particular part*, or does 

. of a l)Ori£ontaI firing flue is tested A kiln of radi 

ingest contain 60 corda. 

Lt likely that the same charrinff^ixmnd wUl be-uaed 



T^l' '^'^ I!*'" products are advantageoualy 



r abri of Forcauld ; of v 



c,.. .r£'si".5'ao°ir.rr CS13 



les we fumishi-d with mortises or luir-. 
ooden bolls. The top i. . flat wer^r 



H ™-,.^vBnce »na much used for heafKoking, 



are required as -with cfaait:oal. The height of thr 

p fro™*U U, 1ft feet, and it i-iU t-ke from 10 to 12 

is thrown on in some ploccs, and openingB witli « 

hea to direct tho heat, »n*l water is mjectwl pientj- 

fuel if it ia Buppoeed to need it, -nd finally to pot 

roughly coked in two and a half or three days ; il is 

uiring about a -week- , , . , 

di are long piles 6 or « feet wide, 2* to 3 feel high. 

coke-yani, from 60 to lOO feet or more. One of 6(1 

a in the other met1i<Kl, tbe larffest pieces inside, loost- 

■ the chimney, however, & Bt«ut atjike is driven in tbe 

length, to servo as a ^uide in piling. When tlie comI 

they leave bucomea a chimney, into which the fire is 

in its whole length at once ; most uBually it ia fired at 

9 -wind St the time and ita probable pennaoence.) and 

that it in a common tiling to see coke dmwn from one 

> at the same moment, 'llie coke yielded by either of 

Mi-making than by any other way ; but thoy are both 

Where, nowevcr, as in the districts of its principal 

eaeote divers coiiveniencee wliicb are probably clieaply 



in very amall fraginenta or powder, (Germ. nehloQ, a 
i] the lAi«!7 cnuAed) of suitable quality, is also capable 
tX similar process. If the slack bo from very i/ry coals, 
not, hoVBv-er, coke at all; if the coal be too _/af. i. «. 
, the application of heat, embnrntss the circulatiim of air. 
,nd inferior article, if it does not defeat the whole opera- 
lality, it mny be treated by being mixed in small quan- 
;er coaL But the bust method is to screen it first, noil 
from the mere Black, or pure powder. This last is mixed 
jm within against a wooden mould or nhroud. Provision 
hat conical tampers of wood horizontally nnd verticallv 
era are afterwards drawn out, and some lareer thaii the 
>dueing already ignited coul to fire tlie mass. It is better 



jiptcrettly moved furlher cm and the clamp exti-nded. Iron 
*.^ t-hroutt" which ■ lever is p.i8sed to luwiBt in tlieir removal 
!tm^*s ca™ *«'"K '»ken in the proceas, is in proportion to the 
■'^ «»ic quantity yielded from the same slack in ovens A 
* *^" '!»)'* '•> coke and cool. It is better, on direra accounts 
■^ t^y <="''' affusion*. 

•^ ^^^fffisofa series, especially applied to the coking of alac^ 
iT*^ * »jTnpconl. It K Buppwei that Ihe sketch makon >t ouite 
Jj^jl ^ <loon" nt each end render the emptving of the oven Terr 
"* , -a-**^' ^* '^"' '?°K- 8 feet wide, and 4 fiiet high to the arch. 
""r-^^^yiL"'"""*""^' ™S'« brick, or refractory i>otterv) i- 
■^ ^^ «»re »»l made of fire-brick. Tho foundation of th*- hearth 
■•^g fi w^S "' %-"^ " l"*"' nf snnd or fumnp»-cimti-r interposed 
' ■ "^--r^^T Such an oven will hold firotn Hi to IS tons ■ril tl.- 



IKON. 







eo.„ ,->^ ^ r-^^ -^-^ ^t>»j= BOO*. — -" i-er «« .. . 

'» «r.w .ic^^ -»• ife^i^ ^?^^is* .ass: ■"'• >»<>» »,.« p., '-=8 «™> ~^. 

„.;,■, "»" '«"»»0f yoln„ 2__ %«— ^ »>• t«k.n, Id ibo p,^ '"»', and .k "'■'« 

nges lo OM iMber, «Ki "l^ .'-S=^ ^J"^.™™'™.?;? JT*?"- fc^"-' ''■.■„Si M. ill, iTf^T^ 



^^%?<55>' -.:;:■.•.:::::::::::::: " '"^ -K' 2;j; °I'»u^ 



? fo'**'^* ^ - 1^^ liirgiir the oven, tlie nioi-c regular aud ecooomical will be the work. For 

•*!• £>t^' . ^ supP^'*^*^ ^^^^^ \^ is, perUai», the best ; while the more simple cone or cjlinder is better 
^ %t *® ^ ores, «»<' ^^^^ ireiierully pass, with "but short (if any) interval, (&nd in so far diaadvanU' 

,r«^ i*i« f\\«\b\e ores, ^^^^^y^^ top-liouse, where they are broken up, aod immediately charared into the 

u»*^^\vVfrom the ovens t(> «» 

^f^4:^^f2^ - ryon ft stone or (better) a cast-iron floor, sometinaes with a beetle, one or 

^^i^<J!^^l^'hreakifig » effected *■ 1 Jron-shod stampers, moved by machinery ; sometimes the mine is crushed 
* '^i^anded; sometimes wi <^ ' , ^ revolve. But the best of all methcKis is to break by hand with an 
t^^^een ftuted cyUnders m<»-«-' 

l^ff^^ry stone-hammer. should be reduced before charging oug^bt to vary directly with the hard- 

<*^*i^l\^ size to which tlie ny^^|. of the furnace. From one to three inches, average diameter, inside, will 
^ M the ore and the hei^»* . ^^ Qjey leave too much to be done in the furnace : smaller than the 
ne^fn^^ MmiXs. Laig^r thai* " 

be *^^ they embarrass the ^^^flfect of the carbon of the fuel upon the metallic oxides in the high-fumaoe 

otl^*^>7i«e«.— Tlie reducing ^ ^^^ ^ ^i^^t of the potassa and soda contained in the earthy matter of 

^' ^y^en already spoken <>*• jy sufficient, with most mines, to cause at once fusion and reduction ; and 

bi»«*^o»l; ^ut *^**® ^^ ^^^'^To add other matters, sterile in metal, to promote fusion : these are known 

?**5-S^"^** necessary, ™"» i.|ch is a constant association in all ores of iron, is, of itself, a sufficient flux 

*^ ^J^*^*»- ^*'*^^' *"*^®®^'- Saoee, it is more apt to be in excess, when it both embarrasses the working 

f^ -Lc^^^ ca«««*' ^">.**^®*! ^^^e quality of the metal. It would be proper, then, to neutralize tliis exceS 

IS- S^^ ^^ ^"'i *"'^*'^*ier substance ; and such addition becomes still more proper when (the prac- 

W ♦!»« ^^^"^ "iT"® «io being to effect fusion, at the lowest po^bie temperature) both theory and 

\^X V^^^TZ^^TT^^oto^y curi su^ excess, but a^so promotes fusihUity. In fac^^kn^ 

e^^-'^'j^^'of e^h of Ae e^^^ bies most ordmarily accessible, vU, silica, hme, mignesia, and alumL^Z 

\^^:^\^^^^ll^^ infusible, i>«^«, yet j^^^^bination, two and l^o, three and thre^ 

» ^'«till more, four and four, they melt readiljr at easily attainable temperatures. The addition, then. 

»«?*^' it^ble proportions of these sterile matters, is the means to economical fusion of the materials in the 

fu»-» 
TV 

Alex 

.u ■** ^ WiS "•* ^"* """ »Inio8t universally employed, it is not alwavs thn raw. tl.-.* K^* -. 
Z, -^ ^nrhera thl aegpee, tJie best addition i« «» aluminous or maimesian ejirtli «^ wJu ^T^ 

J^^^ '>^e,4*t^J7,^^'°^^ that or tfa« ^hole sohd materials 'introduced into the furnace, (the 



Silica mav rstx^S^ ^"*^ 45 to 60 per 100. 
Lime ^ ** 20 to 85 « 

-Aiumina ** 12 to 16 « 

■Magnesia ** 12 to 26 

If U f e Oxide of j^^^ca^^'^*®® 16 to 20 « 



*»"* '^^.:;:terd?t^rz'^ «•>.—- ^''^st'iwjrni " »>n^-r-. •-•'•- those «„.* 

"*^Mer,e ^^^^^^ regularly blown m to keep up the combustion! 



this machine. In it, a more complete sepft^ 
Hess chain of flo&ts or pistons, worked b^ tbe 
:e it out of tlio general category of objediooa 
■acting piston stir-fyxirxip, in which the 8ur/ace 
herwise solid end of the pump. It cannot be 
sity, and is mentioned here only because it is 
it it can onl^ be x-eoommended in districts 

ely ingeniouB \>l<>^wiKig-inBckane, cheap to cod* 

iDBB, AlthoU^la 

18 smallest hig^- 
ver very 'well ftwr 
one of the cylin- 
phra«^, central, 
, is anown at ^ <3f ; 

its normal posi- 

through a bun^, 

00 degrees, by a 
ist, that in difTer- 
water in the t^wo 
le shaded lines ; 
cordingly. 

of the air -v/ith water, and the consequent 
is objectionable. But this oscillating method 
at least, air of the ordinary atmospheric hu- 
diating from an axis, are caused to revolve 
itre of rotation, and delivering it on the cir- 
>lume of air furnished by this means is not, 
iufficient for a hig^h-furnace of the first, or even 

leaves nothing^ to desire. For cupolas, re- 
in practice, of two kinds : one acting imptU- 
i common chamber, whence it is driven out by 
tself IS a hollow wheel, receivii^ the air at 
Its cu;cumference. into the chamber or casing 
ipon ite own periphery. The chamber of th% 
'^ ^\^ .^^ ^ inspired, by a portion of the 

1 possible in the outer caaing. Aere is exactly 
liigher cost upon the apparatus in the be^iii. 

^Inf^^'^*''*^'''*''';^^^®^®''^*'*® machine doea 
r mto the other dasa 






8. Ihe deUils, it is supposed, sufficientlv^ 

un^nUd cylinder rathe?^' a^^tT^^^o^: 

►n, with less waste room from vrItp* ^^ w • ' 

By carrying the P^^ton^TiTZ^^h^ 

and there I left W Uttle ^Ti^^yl!'^^^ 

►lume of blast wanted As the lencrtli ^r *i. 
? ?r?« other machinery wWch suf.oli^'^ J^ 

ni?^ ?^^^^ ^^ """^^^ of revoluu^nriij^ 

meclianical considerations, it has be*^%^ 5 

•"^eter, disproporUonate ^the 1^^^ «^^^ 




*V>ur times as greftt u through a 1-inch ; therefore the qnantit; 

^ «i»ibic feet per minute, through one tuyfero. If the funuuse hM 

■^^^■v^, the whole quantitj discbarged in oae mmute will be, then, 

^ ^^eneral rule, to tmfer tht^rst column of the table for the gteen 

" M a nvmber that, rmdiiplied by the Bg-uare of the diameter 

bloien in 6y the tingle tuyere. 

nd the di&meter of norxle that will discharge any required 

ire. Thus, if the question be, wba.t diameter of Dovzle will 

e of 800 cubic feet per minute through ooe tuyere t — we hare 

> ataudiug in the eccoud column opposite the givea prBaviire; 

or S A; inches is the diameter sought. 



of Bloat ditchetrffej under « 
TiMtptratitret, 



I J*res»ure* and ai ordtnarji 



'^ 




Ctuantlty In cubic' 


1 




'^^'V^olshilnlbe. ' 




Weight in lbs. 


* ^, 


,,«r «>1DU1«. 


aquwvlDCta. 'uiroi^ n l'4iich 




' 


1-43 


S Ibs.avd. 1S9-48 


12.14 






2i " H68« 


1-2-97 




\ 2-86 


2i ," 1B3-70 


lS-77 




\ 407 


2J " 160-06 


14 55 




\ B- 


3 " 166-01 


IB'30 




\ li-80 


Si " ni-si 


16-08 




\ 661 


84 " 118.88 


16-76 




\ "JIB 


81 " 181-86 


17-46 




\ 1-76 


4 " 186-58 


1816 




' 8-83 


a " 191-07 


18-83 




9 88 


a " ies-s6 


I9-&0 




10-86 


4f " 199-43 


SO-17 




11-21 


6 " 2t)S-82 


20-82 



luine. we have occasion I 
gives that element. 



' know the toeifffu of the blast. 



t, i. e. of more or less presswro. appear to tnt i 
.n the quantity .»r<l'''cUrgo in the^meti^ ^'l** »" '^ 
lUe miiteri»l» '." ""^ fumnce. The air . ^' *"•"■ "ecwiU''. 
pipe. JtlK-ogh It very ehortlj afterward, I^„^'"'H«" "^ ^: 

— •utaumes Ita n.i rrnal 
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Cbanxxil cinder. Ooke ctnder. 

63 43 

22 36 

16 14 

6 4 

4 4 







ions, a more fusible compound than the other ; but abstract 
ed as fimhility at the temperoUtvre employf^d. Coke-fumacea, 
.ore refi-actory material, in order that the cinder may answer 

^\ftt ^^'^c^ ^fusion and reduction; with very fusible ores, to retard fusioo 

\ \iB^^ ^"^^^zs^suired ; and after reduction, to protect the metal in the hearth 
Ot^^ ^ -■'B T~rt aspect, especially, the degree of fusibility of tlie ctnder is of 

^.^ Yy^ ~^;^«:^«> thick and pasty, it embarrasses the separation of the metal ; 
•rc^**^ •^S5':z^c^>OQed naked to the blast. These properties, as they may exist 
€^^| \}f ^%L^:a^ consistency of the cinder during its flo-w. If liquid enough to 
''^ ^ ^oi^ ^^^<:>^jDly cooling afterwards, it is of the proper character; but what- 
^^* ^s t"**^:^ «2>ool rapidly, the presence of metallic associaticins is to be inferred. 
*^\B coir-^.«^^i-»aed, may be inferred also from its <?o/ot-, ^^hich, -with an admix- 
V^iqos, "S.^ ciJivays brownish or black. The most satisfactory color ftir the 
WiVs^ ^^ ^^ *^y Blue and bluish-green shades and streaks are almost always 
ic^ J va^g-e of color, however, is only upon a pulverized specimen. The 
ihc^m^JlaX. and its specific gravity, at a mean, 2-6. The a.««pect of good 
Lit »^ - -Fw^w^ ^rkkn-fumaces. it is more lithoid. or stone-like. Whim mn- 






, C« 

3 acid 18 

2 oxidG ................ lo 



Osrburetted hydrogen 2 

Vapor of water 7 



ely aris^ets Trom the moisture of *^^ ™f **^"a^ freshly j^ut in, and ia, therefore, 
fuil ba.<3L «a\ been fully consumed, the sole products would be nitrogen and 
f^\ coTXkVivLstion has not been, and, with the methods followed, caSnot be 

e pjisa otr at the trundle-head at a high temperature ; so high, that the oxv 
t?ero -wr itl^ the oxygen of the atmosphere and inflame. This flame furnfshS 
\o the foxxnder of the state of the furnace. If it is small and weak i t "s nre- 
U not. ^T>o-« through ^-^<^f-^]y^,,Tir^^^^ -^ieh from th; mc JJni 

aidergoioi^ ^«- preparation for 5^«*^^;*^«^ con?r«r^ T^^"^"'^' ^^^"^ ^^ ^^^^ raw. 
,t alvrays to iDcreaBe ^« ^l^^h^ii^^ ^^^^^^^ discreet founder will first 
BtiatAire of tbe matt rials, their fnaouity. and liability to become tracked inihe 
' Z tHc5 V>osbes, too, is always more or less mvolved in the result, where ^c 

>tinies, on one side, it is a sign ^l**]^ fhe charges are not deFcendinnr equallv 
e^reaKO« to supp.>.e that the »"^^"« «[ ^^es. or both, have de^'raXd oJi 
t is ratbe,- to be attributed to an accidental choking of the furnace, caused eithe^ 
L or wl^at is more common, bad filling. Of course, the flarin-r from nV«w!! 
e confoonded with this phenomenon. lu a well-going furnace «n,aTca^m^ 
^U riso oyUndrically, wk life, and with a certain whistling c^; the fo^de^ 



pCttfnS '^^it'lt^^'l'S^^ "'^^"^^"^ ' ^ "^^ <-- ^t isbette. 

^^t-^i^t. It ^^oy^^^^^^^^ 



^mccl g«.8es; and as, in leadi^i «? ^« «^,.distance what isonly^ii^^!'^^S'''''f' 
« of Uc^t.. these appUcations have been hunted. For roasUn| ^res. It IL l** ""- 
i«- . _ _ J ;^ . ^^ 







„ brick, «ell Ued with iron bolts and plaU« ; th« 
wry tbouVd be, at a minimum. 40 feet in. height. 
Isa. The flue id this figure appears cyUndnoal. 



, upt arbitrary. The following rules. Trhich are fiu" 
id flow fwm a fully e 



^^ one. then, should liave ita separate flue, 
' laf tli« tliroat (about t, Fig. 23SU) and the widest 
. limita of 2+ ". 1 and 3 : 1. Thia variation can be 
.' .Ug fuel »nd "f *^« metal to be melted, by packing 

1 the »"^ °^ ^^^ tliroat and fire-};rate must be in 
"'Lorviog'"" tl»e fumiice works. If fusion taken 
be^ocl'W^'l tiuLt tlie area of the throat is too small ; 
too larg^ ^^ numerical ratio -will vary accordinij 
,1, . it maj be a^sumud, as a mean, that the ag- 

uree deterniiucd m advance by the work it is in- 
h na th»* '' ^°*" "" <=o"tinually contracting itself llie 
n eouai degrea and quimUty of beat in every part. 
.^ „leine"'* of Uie capacity, should vary according 

■ the ■«'"*'''■ W'ttcoal that gives much flame, ft 
r^peci»''? *"""'^*'*' '' "^'"^*' ""*■ •* ™''™ '1™' ^4 

tlinn 34 ''"'*? *^ '■'*"■ **' '•'"' Srate, bars and aU. 

1-. Bud> "" '^'' * vurUcal section tl.rougli its widest 

iKh^ I \ricb to tUe foot, which allows the iron to run out 
iZJ f"' y** 8n'"J fragments to be soaked (as it werel 
in ibeir fuaio" V while there U aUo a greater liabili^ to 

"d^^ds upon the fuHibility of the iron lo be melted. 
in l,^ht -, if '«f™/«^>-y. not more UuLn 4 or 5 inches. 
iliuudj M» tctm^of ih<.. ..iher pnrt=^ Tlie space between 



•sicnrf «s to (.yinmetry and equality of par^, 
artiy becau'ie of O.e hea^-icr strcfts "P"n tho 
- of the mctnl itself in cooling. It « easy to 

already stmined by its own ahnnkagR, wiU 

i» the frequent cause of breakn^tcn in the 

in for wmpU prismatic figures, regard should 

and which compression. The latter may b© 

cxtetLiioa ehould be, aa far as posBiblf, com- 
11 T-ahaped cast-iron joint is a bad ehnpe at 
rticol leg is downwards. In general, patterns 
Hystema of framitig : and in conibiniiifs the 

of the whole can never exceed the weaknesB 

the object desired to be produced in metaX 
™.rd being had to the heavier Taaaae^ required 

In this lost particular, moulda for cast-ima 
ved is also coarser, and less adhesive Sand 
ed off from former castings, and whicJi. having 
ritur»ted in the rough processes of acmpii^, 
nnd coal-dust in equal pa.rta, ground fine, arkd 
facing i» graphite. 

j ill the mould, to produce tbe holea and open- 
le metal, may be made of any material whicb 
jtied to heat. The best for iroo-castings are 
ig Kbaped they ue dried, and then put in a 
:onBume all the Tcgctable matt«r, and leave 
rmanence, and also the eB<:apc of air. 

or in sand -, very heavy objects, such as cyl- 
outda, tlie running of bullets is a fiimiliar, but 
iplified with oclier metal llijin iron. This kind 
^vy shot and Bhells, (vvhich wUl bo treated of 
ites nnd chairs for railway bars, and to railway 

of iron, and the nave and spokes cast in saud 
|,e tire erf the wheeL .Another object, t^/oi^A- 
re cyhndera for rolling metal, forge- hammers, 

a Bufncient mass of matter to resist impact or 
iring furface. ' 

ta, itlatea, joists, <tc. which may be run opm) 
made themselves of iron, but in other respects 

bottom flask or drop baa generally plain, flat 
K haa deep cross-ribe cutting it up into mnipart- 
e, long, with little fillets on their sides to^ 

coniDB.rtnientn at alL Of these middle flasks 
the three or four part flasks, which are much 
■'£.■ ',^ k""!,^''* *'"'"' *" ^ "f excessive depth. 
prt-«ctGd by transverse wcdRes in the steady- 
ained firmly, or gagfftd^ by means of liftgrm, or 

,e moiilded. and the discretion of the foulrfer. 
d for the top of a shdmg-rest for a lathe, wiU 

,^rK iu a t:„d^'.rcs\"iay ^ 



„M-d9. itat being the case Piir aisi i. 

^ thcs. 1 and . „e firBt ^^.'V^^ ^l^J^^ 



■re to explain the general process of loam-moulding. 
I Etentn or blast cylinder. The lowest lines repreeeut 
atl is built Thid inner waII, for small workn, Huoh u 
'inifd the nouel. The loam-plate is of iron, cnttt rough. 
thfue plate* are raised li-oni the ^ounil. to allow of 
: or if the vork be not too large, it is set upon a 
ioam-atove. Upon this truck, or on the loam-plate, 
! a is fixe<l, which carries the templet A 6, whose dis- 
^rtial radiuHof the intended cylinder. An inner wall 
with soft loam, which loam ia afaaped and turned by 
boroughly dried, and then brushed over -with black- 
I. and serve as a parting to prevent the adbi^rence at 
of the cylinder, 
rcc, Fig. 2391, cut in profile to the external form of 
led to tbe apindle at a. distance ft-om the centre ex- 
'iH its intended thickness. Kresh loam is then thrown 
t, which is shaped on the outside by the rovolutiolu of 
- ■ -J -B the other. 



"° T !f iSHJ? ?■ """,' f°~ ^ "T', " •town ,„ 



togetli 



■l-plnte. 



;cd tubes for attaching the steam or blast ™™ \ 
co™ are supported eitlier by «-o ,W / whT^K*^ ^^ ?• "T* 
the thicko«« of the metal at thrTi,Tn?.r h^ '"'i* 
lugged up. /™™'>'eprccariou«nes^;^r'thc^^nr°''; 
tB, the use of grains is. when ijos»lV.ll . ? nnion of 
„ Ground the cylinder, can bTwoli; *? ■**" "^"iJ'-d. 
he cope. "riica m a aimilar 

the pit. the two plates bolted together ^r,A .w 
utward pressure of the melted mftal I **"? **" 

led one on another to hold the S^^V .!,«„''*?? Wg, 
e pit.wh.d. .9 someumea itself wall^ ..^ -l'^ ""^ 
.""has to be strengthened by 'ron-^'t^^-E^'H;^-;;^ 

:.n .re ""■)• ■"'" enlsr tho So^J S' fc"«»S • 

, ,b. drc-fatm,. Tl .upSIij", "k°"« "»- 

the scorUB,™ n*(/ay^ SomotimeVV^ to be « Kood 

■ nre n>»™ "> Mditioo i© the ...^ '""y runner. 

, applied » th. nm„e„, ,.h° ™""=>». pnrf,,.]." 

• into Rcoenil use ^n, , ^ 

"« as one of tho 



>|Hritiiboth CUM beii:^ Trom ten to fiftc 

■od Ihia tppnm tn be do more f.ti»iH i^ re 
Tin button/, which deflecta the inner curre 
directioo and ome into coo tact -vrit-l^ Cbe fir 
iiea«litiiiot the sir is consequently not so i 
«ne 18 repiklrd bj • Beries of holes drill* 
loles ire proporlkmed to the size of tb^ biu 

Kg. SSOl shows * plm "nd aeotion of tJie 
ddketed outwards bj the button, A. tl*<! fir: 
Mid B the seiies of bolM througrh -wliioh tlie 
Wes, drilled with idriUooe-twelfth of an in 
» driU one-tenth of an inch, this niimlje*- and 
mentB meet *ii»nt«eeous f'" ^ burner of the 
1»I. in (hi« Ump, T-BS •'"'^ ***" level of t- 
onter euTTHit meet the flume beloiv- tlie bul 
irrew* The outer current of air, ]3&Bsins- 
Kgher leiel, and iiiaure* the completi: coi 
•umed »fltr puling the poiot 'where tlie * 
nutniillj alter the druught, and an addition 
hei^lecied. The proper quantity of air and 
Biffie where Uw? are most beDefieial. su-e tl 
thej appear to IttTe been attained more perf 
DTatad A Oem lamp of the lare«r form 
tM|i from one of t)ie tmaller siie ia eqiual to 

LAMPS, SPiaiT-GAa Th« Umpo -wbi-cli 
odled " npirit-gai," which ia a coiiipti»ition o 
bniMd, and only in the lamp. Fig. 200S, 
C M the reserrwr of the fluid. D ia a. 
fetttnled all ■round. F is the flame i#r">* 
■ tht wick ; the wich, bj capillary attr»cti— — , 
nnti] the fluid becomea gaseous, it then i-usb^a 
inflaiiunable gas, aa rvpreseuttid at K. <3ir*:at 
>ta*ti in tbia dtjr. 




.> «t.«,er «.." "'" **^'* 

filled at the t«r 
^ jserroir mly'be"^ 



l_ *Wb. 2508 and S6M U another kit*** ^f «a> ■ 

^J'fronlele.alioDofit.andFFK, 360* ■ »» 



^ — »oir, wtiicli can be filled at the '"f^^ jfyi** 
J, »*ooicalT«lreBtthehoKora where ^'■^ 
^^^V^rvcir may be cut off at pi*'*-"" ^O**^ 
T-^B p«««:uUrlj represented In '"^J p»* 

^^9hT:ru''^^":^^.ri «- ^^ 



« lithe. »Dd the material to be turned t»o nlaced -vrit 

•■^ ■' a guide pretaDg on the patte j^_ 



wtraiurOcelitBlliepaUern aa g-uiJetl, «, rt^rfoct ' 
wilt wu iLe rough material — aimfily htv Oie cutters 
the «« of direction— ID other •vrorxis, aJl tlie wo€>cl oi 



ii ihe principle upon which this i . ».^^, uiji, 

-Serofthepatlem; and the small s-u'c^e seen on the 
ly all the rough nmterial outside «»f" tha v>att 



atway 



tL« Ulb«. I^e cutter-wheel laa« tlare 



'^'OBiUem and rough material reTOlve an **\^ l^„iadle« i 
•^ the poUey Been SflveK. Tlie speed of *^^^ »«en o 
*«*«ementofaBmBll gang of pulleys «nd ""^"^^ arran, 
£«UejB «E opprsted by a lev«r L, a»»<i ""^^T*^^ is to be 
™e spindles when liie tJucier part of the K*~ otl«er of tl" 
f^tfer-ftame moves along from one eiM* ^^ iV.e ttPP^' K"''* 
™ "Wording to the shape of the pattero, t.^ , " «»5«h "'^^ 
'Jme manner, thua cute the pattern o«» _*?fX,e and the w 
!""« bj a grooved puUey on the cutte"- fir^*" 
^* ^PiOl »ide file'--'"' 

*-ATHE, SMALL ENGINE. *"»«- ^/^iW 'ooe p"o**- 
S U Ihe bed-raocc and t»ad-,tock. "^^^^ ^b. 
A spindle which ruiw ia KUD-metAl too* 

^. TODc-pulleya on Uve gpiDdle. , ^-eb"-**- t* ™n« 1 

&™>ercooipoIle,-rordHving '^^:^£*.^ " "^ '' 
. " , lower cone-pullej for driving f**^" . . , 

^AisaJuind-whcel tormorina re** "V tb* bed. »» "^o*! 



bed-pteoe, -uppcrted by hn 

d and forward bj-moMof 
.a«.«d<.ofthebed,(«ffl 



\ ind vety bearjr . 



X,ATHE 



DD'i 



" "w hub oj 



in ooofrpuIIejrB for **"-v-in«- the long^ feed*,™ , 

in the drawing. ^ °™-«TeT, wj 

O.geeroi end of feedscrew, dt-tvea by i 

AiCDoa-paUejBon (pindle of ciast:-irOEi. 

P, fi(c-m>ta with geer B Attached t^o the biLcfe side 

K, lool-Imlder, which slides ujkhi a. s-vciirel-nofit S, Ui«l e.„ i. 
Wer lod soew R to the block IST, whioh BlitfEs^cTO^wae^r « 
•"WW witi « bolsQoe bolt seen in Fi^. 20 11, t 







^UD Which work. intn.V "sT ■** ■ *-^ to* »"■"."'. 'le k " 



m 




UA^THE. 



I7« 



i-A-TfrjE:. 



EV. 2614 is asideelevatioD. . .l , 

Fig. 2616. «nd eloTatioc lookiiig towards the f^ie-j,!^^^ 

in guD-metal boxes. *^™"° ™" strong jounulj, nj„;„ 

A', geep on face-plate. 

B, eeet on front shaft- 

o, Bhsft, tbrciwn out of and into geer by eccentrics, 

C, fiice-plnbe, to which the -work u tftstened by means of boltg. 

D, upper cone for driving the feed motion. 
D', tower cone on Ihe a^ned ehaft which pasnes t]»-«:>a_af^h the . 

the rack I, which can be connected with the spindle J, i»_y^ fclie sen 



^orbed-piece, giving a, 




F bead-Bto«^ in whieh the live spindle rests. 

O Bwivel-post on which the tool-bolder elides. 

a bed-P'e<* "" ''"™ " "tande. 

G' rent, with jawa, for usin^ flat drills aud reimere. adjusted by the screw on top. 

H'ui>I>er part of tail-stock, inside of which is the feeding apparatus. This piece reats upon a slidine- 
Dlxt^ that, IB traveraed croeswiBc bj the screw L. 

S, worm -which gecrs into a segment on aide of tail-etock ibr giving the proper angle when a bole i« 

*" K i™nlt, W'"" " ^"r P'"'"" on the inside end of its shaft, geering into a large bevel--wheel that ha' 
Miiiw^*' screw cut through its hub for listening down ,«il-«tocb to the bed. 

M atand "^^ °°, ■ ■'"'' °^ ••'o lower piece of tod-stock, canying a Bbaft and pmion geerine into a 
™Jk'oo Bi<l*= "*" l*^ P'«*- f<"- the purpose ot moriog laU-etock by band. ^ 

«*!« on ^^^^^ fing into rack. 
"'. P^'^ ride of bcd-pi^co. 

*i' K*.d-l'»»'*^.!i"'j'°'? "■'»a-pioce^ Mid made very ittoag- ... . _. , 

.Jfor ^^t^^^ ^""^ generally. '-These engines (pp. lfl6 to 112) wo f™" ">« I*>weU ModiinS Sh^- 



LATHE, FOR onN BORirra. xtTRisrnsrc*, a,i«-t> ptan-™-^ 

ipuU", wilh bell moUon above, for a>-<.. wins' t>ori n^-Sir ^^■ 

When boring, tie turning msndre] ia l^lceci out. and th.. >J.H..,, l. 

^ Fig.!418. Cpluung-beadand to«l-bolcler. h,olt^d on ^J.^f j^^ 

;'. n^yed ■eetor working in rack oa bottom of di-ill of tool-holder 
1. BBfting crank to ttniTey motion to secttn-, 

^ raldet-wtMsl on main ouuidril of lathe, to s^v-e motioa to mm « .. 
twwn the tnumicoa. _ " ™ "»^ 

".MMntric connection fn pive motioD to (e^d'liancl. 
B, btTclfeer b> work pbnii^liead and fe-ed-ha.ad. 
A,pallejs 00 berel pinioihaluft. 




pB- lilt. BMk {(liding) head for tur¥»iD« <»«* *>d*^ 

*f Urer lor throwii» head out of Reer. 
'■ f«d«re». 

^iRSBaL A, lever fOT throwing slide reat *>«>* «»■ I 

"^ *>*ilml let fced-BCTew. 
j~^ Sib on ilida-reaL 
^- Si21. aj pnlleT fcr drawing borua^p-to « »"- 
■ '■tebtt.wheel 
' ■ '»»« (o ntchet-wheel, for bcmng. 






^^i-tijB:. 



I^A-THSL 
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LAT*i^_ 



LATHE, SMALL SELF-ACTDTa AND SCftE-^V". 
Fig 2623 ia & general side elevation of the lathe, and 

Fig. £624 ia a. plan rorreeponding- 

Fitr- 2626 is an end elevation showing the geenng. 

Pig. 2H28 is a transverse section taken between the 
in elerotioq, an also tbe arrangement of tbe geeriog foe | 



'. bj CHiBtM Will,) 



^I«d(% 



^■fc-Iiead and tlie slide-iMf k ■ 



ru™. . .*;."','?;^*''^v«t»w details or the geerirw for worJring the sUd^ 



piga. SO"'': ^fi^'];wn,^™'"l"'J'*W details or the geeriruf for woraiuK iuh Huae-roBt. 

... _™„» ' J fnrreve™W.l ^ *°P <=«'«""<' '^"'i'lg pS'^y" " '*'^^* °™"'" "' '^^ Seta, the MnalW 
L^'hoX t^^i^^e?"'™ ';^ '^,'' ""'*'"« wt^" t4 lathe i, employed in ^crew-^uC^ 
I ncn uio w«i la ui acUon, and a slower motion conaequentlj necowary. '^' "" 



let bein^ 
the lirger 



x*a.T£je:. 



F<^ UM is ■ lids elsvatioo of the s»me ; &nd 
r|K.!l)»anrtic>l>ectH>DiD the plane cf tl»e latJie-apindle. 
nnaneuMaxhibit inruUdetAil tJae aever^l K>aJ-±a of a imri, „>: - ' 

>eUKU«aii^iiicltcr«w-cuttiD« lAkbe. *^ »^00^effici« 

He uetMe it curied upon thre« Btauidax-ds suarked .4. uid ^r u 
■ V»M»Dd»B2«. Theae Bt»iid»J-as nre planed on th^n- ddew 
uxliedBRUiauppersnrfiMK of which ia «.lso planed. TTie eiwrior 
the mail »By. u r rae«a of rctainiDK tbo sa.<ic]l«!-i>Iate L.L of the sT 
•eoBo. Fig. 2fi!B. The &»t-he<id C O ia fsutt.(?ne<i to tlie bed bv meJ^ 

■ninJI^n -t.i-v ii the iinVin(y;«oni*) a, a. section of which, gho»i^ 

The oon« ia aa luual Joo^ 
i» fast uf>oii the spindia, wt, 
efXiecCerl b^ the hand-rail Q. 

^ o - - --1 t.lie t'wo stiuidHrds of the' 

xiu^Md wbsn the ■mngaiBent of the K^^nnfiT docts not conveDiently ^.cj^ 
Innjiludmally, The motion of the leadirt^-scre-sc ^N" is derived from t^^*^ 
of iWa v»zyi,in Bcren-cuttinK' : arid in pl».iii work the para]le]i ^^ 
tlinngbUw tnin ta''''^ AOtl t^B baod-puUe^rs A' f^nti <?'. tu diB >■-..».. ~^ 
ofthe vorai.i7,Figa. SS2C uid 2630, B.n<l ^v-omi--wI>* 




i^ innion /of IS teeft.geeridg wit*> **'^^ of *>»« ^l^ i^dkl ^ til*** 
^4^.n^gemont,themtioo^fthe ap^^^^ aod 'Mj^thU^-'^l-.^^^^t 

t4^l.of40teelh,fi«lup„n,hedriv."^^„ns V*^,? "ben. ^^^t-v" 's , 

^bead; tl,™ latter wheel Rgain ia i" ^^*1, t,I>« ,„ «Mit .,^0 U. " **e, 

>j'*>'W.wbeelj,of4Ste„J^;' go«r "^^ plea--"--* '"tt^ ' »>o ^^^h.rZ' 

V "' .'? ^">d-nd . .... «,Kael «' ^F^ ** Mien „. «b, 



r>u.»n. 



vin ''.'^^ Q; the whoe* ^ "I'*^ « then g^^^^ 



i !-J 




« glaad embracinff (he ende of the riiiftinir- 
■pfadlo and a guHe-rod under the screw 
JV- 25*); bj. thw me»™ it i. „,.„)« u^ 
move bonmntally, and to carry the ahifl- 
iDg-Rptndle of the head along with it u is 
"" efe-Wt, tightened up by the traveller »- 
~ _^ "Pi'x'le, to take the straLa off the 
WhEn tjuieker speeds are wantfd. 



the HhaFC 

■noved back bj- . 

' -n Fig 2637, and the com 



lade fast to 
wie wnocL « by a Istch in Ihe imubI wftv 
LATHE, BORING AND TURNINO- 

bj Mr, KlNMONDB. 

Fig. 264S it a side eleratioD of Ihe ma- 

yig. 2548 19 a general plan correspondiiur. 
Fig'. 2644 i« an eod view from thVleft 
Fi^. 2546 ia a section taken io front of 
the shifting heBd-atock. 

The fixed bead-stcKk B B i« provided 
With ftiur bearing*, coKt in each of the two 
Ktandtu-dB, for the put-pone of receiTin^ the 
cone-spindle C, Iho second motion shafts 
D uid E, and the main spindle F, upon 
which tie faceplate G ia filed. The geerii 
ia calculated to prod uce a series of vanation 
the main spindle P, ■ ndependently of any va 
be efTecteri by menns of the driving cone-pu 

To effect this t.lxe nmuigement of tbe 

■hafts D and E is such that either of then 

into geer with the cone-spindle C, and the 

oo the back of the r»ce-plate Q. Thus, if t 

shaft D be brougbt irilo geer with the wbe 

spiodle, the pinioo _/" ^ill at the sanne time b 

iotenul wheel g, and a quick notion will 

to the &ce-plate ; but, if the opposite £)ia.rt 

longitudinally till the wheel _r geera with 

pinion /*' oo tiiat eli^fl will be throivn into 

ternal wbeel, and a, elower motion will <m:>i 

parted Io the face-pl^te. Again, let both t1 

be thrown out of a.*=ti™i; the cone-spindle 

directlj" connected x^itlt the main epindle K' 

wheels 6 and e, the i-elalive sizes of which 

aa to produce an/- required velocity ; this 1" 

■9 aoly employed for tjijlaininga hijfh speed 

poli^iog- 

Thc loose head-stf>f-Ic H ia adjustable Co a 
tion byvaeamof a cswuk-handle fitting tap* 
of fhcj spindle marlcetl (\ which oonimunica 
toothed geer with tbe rack M. fixed upon 



vjft- 



rnacbine, as shuwD 

into Ihe rack is bey* 

attached to the sole — - -..,„. 

Is a small bei-el-wljecl whicJi tet-rs 

fower end of a. vertiool spind^ havii 

interior of a hollow column, ca,,t in t 

-<tock. On the upP^^r ^'' °^ ^his ep" 

wheel, which geoi '" " "-' ■*-- 



The f" 



i -with "pinion („, tJ»o '^°* 



»- 



"11' in the A " '■ Wi, tt?^"f«d 
" D i. ffS. "P" H.SL'**/. 







e pit at tin n,-^. 
I RDpprat for 
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^:,f 



'i'^j 



% 



'%4 



r*^.^*! 



.r ^ 



■ • Sm* 1 7?f » it 



LATHE. 



^™ nfr* tur«.^ai it n.e amount of feed, or the «»dv«nce^^e ft 
d^srenc of the velocitie. which we ^ven to the wheeto * »»^ '\ ™f ^j 
theiw two wheels may be Tuied by vS-j-ing th"diaineter of the wheel- » «><» 



«,.«ceoftbe^dh^--«2;',^|i:^ 
ind m. ThiB diflforeooo oi i«^ 

.m_ - U.^>»1a #K And fV^ 




The geering sho'vim ab6ve the top of the boring-bar is for hoisting^ up iht 
chine ia to l^ used for planing a fla.'t, or turning a cylindrical or conical 
mrranged for this purpose, is shown in Fi^. 2652. 



the boriiig^-bar, when the ma- 
surface. The machine, as 





sssa 



2557. 





^1 .*^-^ii . 1 



The cuttimr-tool is »tteched eo the b«ar «, m which a rack is ca^ into the teeth of which a pinion aeen, 

which pinio^ is moved by a perpetual *»^»'^^i,Tii7® ^ ' ^^ ****r »J™n«®™^°* ***® vertical motSm is 
^ven to the tooL 'TU^ methonfproa **«•«& ^^ ^^^ ""^^'O'^ of the tool by the screw A is shown by 

^1.g"2T57^1^^^"SL^^^^ eodof shaft of d.uck.pUte. 
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LAP AND LEAD OF THE eLlDE-VAL.^B. 



pUton havimr «i«.^r? J •'^ ''*" taking pla«e, to the aaxaa extant, *°r°^"ni^ «~. aeo, »nd, it* 
co«u™e S^^P't*?* '^ «««". tholu'de a^n occupiee its «t«umJ JJ^'^' i^tl.e pirtoo "•- 
SSS: m^TJ^.???" » -S^ «imittedito the cylinder, tbroj^ the ^^^ ^ ^ 



tbflD 
below 



t>eflriii8 to dfiiironri --Tj^ Ttt " "»»«n aamitted into uio cj !*"««, •'-- — ^ , Jw^mmaiices 

iMI«^h SrS^^ "^"^ ^**^** eihaustion ceaaee from above, and commences 

-tim'';:^!^^ -?r.-* the use of the eocentric. ss a meana fT^^^^Tplt^^^ '^ 

move atT^«1? opened and cloeed too eloi^ly : but it must be rememl>ered ^^^^^P^rTrc 6(i. the 

^Zd^^t°'i^''y^%'^^^^ «--«k^ does; for example, while the ciank .^^^^^^^i^^t^i^ 

hm^^!^^u'^^^f^ *» the ▼ereed ehie of that krc; and its ^^<^}y ."^ ^^^^ a^ t^ 

theSS^^ **•• midaie of its stroke, where it is greatest^ b^ing equal to that of ^« ^*^. jf^ 

^h!^2S:^r^^^.tI^.?^'^^ -^^e, its velS^^ isSsSd io the se^ "^S^fL^/uT^ 



sS^'hv .« grlance at B^, 2868 shows tliat the steam admitted into the c^lmd 

^n L^T^-^*^ 18 at aU times proportioned to the velocitv of the pwton, 

^!:® P"^ " °®*f ^ e°d of its stroke, and fuUy open when it is at half 



half-stroke. 



When «L eccentri^lnsl^Tf "t^ o/^nrr^^^ ^^ «*««° P^ ^.*^' ^^ 

begin to open when the niaton c^^^^^ ft ^JSl Tf^^iTl^^W the port shaU be open to some 



SS64. 




[ shows tlsat the steam admitted into the ^[r' ^ ^^ ^eing least open 

port a 

i»t^«f «J?^? T?®" ^® P"***° commences' ite rtroke, £'^'pia^ed that the port sh^ be open 

extent pnor to ^e commencement of tbe atroke, the width of that opening is termed 

^Jta! ♦k :^^? oonuse of lead is diaadvantageous, chiefly because at the «»™f™*^«"* ^{-^"^ 

«t«>ke, the steam haa to contend with tbe whole foroTof that which had impeUed the piston dtinng its 

l^^^u^"^ . »"* b«»d« obviatin^5JtT.d^4e; <ie le^ « ^^ essential service in ^omotwe 

enynes." where it ia found necessary^ let the steam^ to the opposite side of the pisto« before the 

end of Its stroke, in order tx> bring it up graduaUy to a stop, and dJininish the violent jerk that is caused 

by Its motion beinflr changed so fery rapidly as Ive times in a second. The steam let into the end of 

a cylinder before tBe piston arrives at it, acts as a spring cushion to assist in changing its motion ; and 

ir It were not applied, the piston could not be kept tight upon the piston-rod." ^ .,. • *^ 

OASB 2.— H^<fy* a slide hat lead witHo%U /aD.—Let a b, Kg. 2564. represent the stroke of the piston ; 

^ ?*« ^»^el of the slide ; and ef the Uad^tiBn, supposing the piston to be at the top of the cylmder, 

^?Ju position of the crank, and c^ that of the eccentric. F^lowing the course 

or the crank, in tbe direction of the annow, we ^nd the port <fc? fully open, not, as in 

Uie former case, ^cv^hen the piston is at lialf-etroke, but when it has descended to the 

point yi,— the arc u, e, described by the crank, being equal to the Krogd, described 

t>y tHe eccentric Again, we find the port reclosed when the piston has descended 

to e , at which point exhaustion comoiences from above the piston through ecL, and 

"^?^? enters belo^w it through e c, for the return stroke, at the commencement of 

Tvfaich the port «r <? is open to the extent e I (equal to ef) for the admission of steam, 

wtiile tf rf IS open to the same extent for exhaustion. 

^ It is to be remarked, that the amount of lead is necessarily very limited in prac- 
tice, its tendency being io arrest the progress of the piston before the completion of its stroke. TTie 
greatest possible amount oflesid equals half the travel of the slide. The eccentric would in that case 
be set diametrically opposite to its first i>08ition, which would have the effect of reversing the directioo 
of the piston's naoticMi. 

In the case of a slide having lead without lap, the distance of a piston from the end of its stroke, 
when the lead produces its effect* is proportional to the lead as the versed sine of an arc is to its sine^ 
supposing the xadii of the crank and eccentric to be equal 

Denumttration, 

Xct ab. Fig, 2^65, represent both the tiravel of the slide and the piston's stroke ; 

then c a and e b represent the steam porta. And let cd represent the lead ; then c a 

and e e represent uie crank and ecceutric« the piston being at the top of the cylinder. 

:N'ow, steam will ^nter the cylinder, belo-w the piston, when the eccentric is at/ and 

the crank aty ; #c>r the arcs a eg, and <? ifj" are equal. Again, the arc ^ 6 ia equal to 

h e; therefore, i^ i» equal to ke, and i b iA> kK Now, Are is the sine of the arc A*, 

and k h (equal ix> a ^) is its versed sine r hence 

Bule I.— To GtrM<^ the distance of the piston from the end of its stroke, when the 
lead produces its ^flfipct :— Divide the lead by the width of the steam port, both in inches, and call the 
quotient sine ; nr»aaltiply its corresponding versed sine, found in the table, by half the stroke and the 
product will be tFi<3 distance of the piston from the end of its stroke, when steam is admitted for the 
retam stroke, and <?^3Chau8tion oommenoes. Or, 

Hfde II.— To find the lead, the distance of the pUton from the end of its stroke bcinir iriven —Divide 
the distance in iracrlm« by half the strolce m inches and call the quotient versed sine : multiniv its oat- 
responding sine tor tJie width of steaixt port, and the product will be the lead 

Example 1. ^Thes stroke of a piston is 48 inches; width of steam port 2^ inches : and lead k inch: 

requiredthe distance of the pi^t^n from the end of its stroke, when eAaustion commenoM. 

Here, 5 ^ 2-6 == '^ ^^ ®*"® ' ^^ versed sine of ^ine -2 = -0202 

Then, -0202 X 24 =-4848 inches. 
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n, Fig. 2567, as at starting. 

Jet2%™T« « ^^•'l' *J "d <iy ~ and /. A ara equal arcs. Hence ^ { ^ ._ 

DM^fJzJl ??i •*T'"' P-rt of the-^troke -Sun will. be cut off ^A^LlS^^Sn'^Xl it.%»r. 



iUde ;5r^;^ SJI*''***'^' * «■<» "•« «=«»>tric at/, the piaum will h-vo co«.px«^- 

The 8te^ wL^<S^'l°"'J*i'^«'' " »t ''t»^'i°«- .. ., J „H«d from rf to i, the cnuA having 



BiviHa ikr' j.L ^^ *** ^"®^ part of the stroke steam viriU. oe cut; on w*i-*- - ® j^^^ mnA ita cor- 
^^ ^t dl:^ ^^ itsoirpl™Tl^ Up, and call the q«oti«°* ^t^bfl^ U..-^dSr:::,. 
laiiitirf^-^ "-^"ST®** and.minutes. onS caU it arc the first If arc the «»* J^'t^L'^IS w, tS di«- 



ito « J«b ""^^eee oy nair the stroke, 

j?^ ? ▼hen the steam is cut off , .. ^ u 

^k hf ^~^° ?•/* "** ""°""' »*■ »"P nece«anr to cut off the steam at any gi>en part of Jh* f^^."- 

rtim ih.^'JS't!* ^ ^"' "ffthe steam beto^hSf^troke. divide the distanp"^'^ ^"^^^1^^ 

«d SJL T °^_^ *^*^ the stroke, and caU the quotientVersed sine. Find the arc "f t*?'*^""" "^ 

^•tv hr ^ ''«'»«d »»?« of J'«If that arc DivideUe difference between the ve^ed einejtast foond Md 

ft^ fcp. ''*"*^ "^ ""* multiply the width of steam port by the quotient ; the product win be 

fhom tth'!?"!.'^ *? ''?* "^L""* ""^^ »* " point beyond half-stroke, divide the distance of ^J* P^** 
ri^r. «;?/"? "'^ '*" "*"'°''^ ^*'"' •t'^™ *« C"t oet by ialf the length of stroke ; call the a"'*«'*JSX 
^J^i^ ita^corresponding arc, and abatract it from 180 de^ees. Find the versed ane of toW^ 
ramainH.. —j _.t .... o. ^^ versed sine, and multiply the 




r««„.v.^*u . ^-;- - p»i«w *« OD incneB, w,u«. v,x 'steam port 1^ inch ; and lap 6 incbee: 

required the point of the stroke at which steam wUl be cut off 

Here 1-6 -f- 6 = 7*5 ; and 1*6 -f- 7*6 = '2 = versed sine ; 

arc of versed sine -2 = 86® 52', (arc the first ;) 
and 86° 62' X -2 =73® 44' = are of versed sine, -7198. 
Then -7198 X 1 8 = 12-95 inches =^ distance of the piston from the commencement of its stroke when 
tbe steam is cut oft 

^xampU 4. — TYxe stroke of a piston is 86 inches; width of steam pOTt 1^ inch ; and esctent of lap li 
mcb : requu-ed tlie point of the stroke a.e which steam is cut off. 

Here 1-5 -\- l -aS = 275 ; and 1-6 -r- 2-76 = -5464 = versed sine of arc 62° 58' (arc the ^nid 
t<>^^r*^°^^' ^^ 2 = 125® 56'; and 180° -126® 56' =64® 4' = arc of versed sine, '4181 ; -4181 X 
^® — *'^^ inches = distance of the pistx^n from the end of its stroke when the steam is cut off 

^ Example 5. — Tlse stroke of a piston is 86 inches; width of steam port 1-6 inches ; and distance of the , 
piston from the oommencement of its stroke, when the steam is cut ofl^ 12-96 inches : required the lap. 

Here 12-96 -f- 1 8 := -7198 = vereed sine of arc 78® 44' ; 
78® 44' -r- 2 = 86® 62' = arc of versed sine -2. 
Thenl--2 = -8; and -8-7-2 = 4; 1-6 X 4 = 6 inches ^ lap. 
Thk Lead As<n> Xjap. — Having^ separately investigated the two cases of a slide havings lead without 
lap, and lap witliout lead, we now proceod to consider the effect of both in combination, together with 
that of lap on the exhaustion side. 

Demtmttration. 

Cask 4 — Wh^rt. a slide hot I<ip of\ i>€>th the steam and exhaustion ndes^ toffether toith lead, — ^Let' 
ab and ac. Fig, 2rS72, represent the double lap on the steam side; ay 

and a</, the same on the exhaustion side ; be and cd the steam ports; 2578. 

and the line «</ l>oth the travel of the slide and stroke of the piston. 
Then, supposing^ <r A to represent the lead of the slide, a i will be the po- 
sition of the ecceat^aric when that of the crank isae; the slide occupvmg* 
the position shown in Fig. 2673, and the piston being at the top of its 
downw&rd stroke. 

When the ecceni:ri<: reaches the point Ar, the port cd will be fully closed, 
as shown in Fig- 2&74, and the piston Tvill have descended to /, the arc 
em being e^ual to the arc t>t. Ag-aio, %vhen the eccentric arrives at n, 
the sh'de being th^wM brought into the p>osition Fig. 2576, exhaustion com- 
mences from abo-w^ ^l^^ piston, w^hich hns descended too; the arc emp 
being equal to the t%,rc i kn. V/hen the eccentric arrives at y. the port b e 
begins to open f€rr ti»e admission of steam beneath the piston, (see Fig. 
2676,) which has t-hen descended to ♦- ^ tl^« arc <? m « being equal to the 

arc i kg. When t^« eccentric has reaohed the point »', opposite to »\ the port 6* wiU be open to the 
extent of the lead b A', equa] to c h^ arid the piston will have completed its descent. 

Steam continues to enter the port b ^ ^^^^^-I'^^tf}^^ R^^^^^l. until the eccentric reaches the 
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Jfwoii^ »m t« tha disUDce required. 

■" "^ n BOO R^' 66° 61^^6''1' = | 



the flrst >nd MfMnd by half Um strake^ uh/ 



Here 62" 66'— 66" 01=0- 1 ' = arc of Tereed bids '00S6. 
Then -0066 x 30 = IBS iochea ^ the diatauM required. 
« f-l^r_To find the proportioos of the Bteiun Up and lead ; the points of the stroke where atoam is 
^^l^d teUmiKed ftjr t^Tretun. «troke being known : 
^^■^'ZtuZn the Btesm is cut off before half-Btrolte divide the portion of the elroka performed by tfae pistoo 
v.lf (he Bttoke. and caU the quotient ve™d Fuie. Lifcewiae, divide the distance of the [rfston from 
*^jy .A oMB stroke when .team is readnutled for the return etr^e. by half the stroke, a^call that 
^**^ aent versed sine. Find their <^P^_'^^''Z.^„' !^^t '^}^, '^^ vereed^smee of half their Hum and hall 



»>— .■«,' p'roe" fl* width of the steam pof* m "ichea, divided by the versed aine of half Oieir Bum, 
■'^^"'i ^lf Ihe travel of the slide : and half the travel, minus the width of port, equals the Up. The 
* Vj i""'" "" / ,hp tn-o vened sines last found, multiphed by half the travel of the slide, equala &a lead. 



^ of the U 



.I.CU •>«■■=- .—- ,■ 'Plied by half the u 

.0 be cut otf after half-stroke, divide the disl -- 



■*V''^'"]h^«lt the strike ; cTu the qootiont versed sbe. and ^bWct ils_ cor^ponding arc from 180 

teiffor the return rtnJio. 



"*l"bvWttbes' 
^KB oj _;jj, the 



^^g^'u\he stroke; call the quotient ve 
^ jT'^'ifthuB foniKl, ^ in the former c 



Then proceed with the 



O inches ; the width of steam port 8 inches ; 



Ted the lap and lead. 

lie 16-036 -^ 30 = -6012 = versed sine of arc 6' 

and 180° — 60= 6'=:Iib0 66'. 

Then '166 -^ 30 = -0059 = versed aine of 6° 

.B' + eo \' = 128''69'; 119066' — 6° 1' = 



1260 56' 






S8' = arcof versed sine -MM; 



US' 64' 



= 56''ST = 
3 -~ '6454 = 5-6 inches = 

and 6-6 — 3 = 26 = lap, 
■6464- 4946 = -0809; and -0909 X 6-6 = '6 ifiche8 = Iead. 
^ J the lap and lead by constnictjon. 
»j**j ^ji^lte of 'be pistoo; width of steam port; and distances of the pi^*"" f™™ fis end of ila stroke 
T*^ tie eteali is rut off, and when it is readmitted for the return stroke, being known : 
wl,<-n *"g cir*'*- F'8- -S''8> "present the crank's orbit, and ito diameter at the stroke of die pUtoo, t 

I-^'i noW *^** ilat" a c equal to the part of the stroke perfori -■' 
B.irr»e ""lie steam is cut off; and i i equal to the distance of the pi 



■c of versed sino •*6*6. 
= halftha slide's «*">; 






froiD * j.^ ^od ef at right angles to a 6, and mark the point g at the dis- 
Dr»W fffroO^J Biawl tLe arc aj, and from the point of bisection, A. 
laiice * ^ Jifljueter A 1. Make it equal to be; draw i m and i/at right 



■— "■^" tl**"^"' " "T-^ --,,..«« , m »uu ni nif right 

draw *•'*' - ft ; aid draw il and ib indefinitely. From the point in set off 
angles*", f^, the width of etcam port, full si^e ; from b draw no parallel 
nineq>"*% -jectinK '6,and iiI?o op parallel to a 6,and meetine A > ; then 
to i .71. rt" u^l t^^ ^f' '""^ ' '■ ""* '^"^^ 

will*/) ^"^ e foregoing cnscB, we have token the versed sine of the arc de- 

In all " fjjB crank, from filher extremity of the stroke as the portion 

scribed by performed by the piston; but, as huB been aheady observed, 

of the stro-* p«.it.ons of tfiB niBt™ and crank depend upon the length of 

the relati*'^, ■■j.rod, which will be seen by referrace t " -■- — 

the.conae^*^' ta the slrote of the piston, CD ■ 

AB repre^„ arc described by the crank wh. „ „, 

"■^tobe '"^^of that arc, calculating the amount t 




by refen.Tice to Fis. 2679 where , „ i. 

CD the conncctin^rod and D O the crank. Now bTB„ppo„ng 
B repre»;r^ arc described by tue crank when the piston ha^' ^rformed one-fourth of .ts stro^,-. and 
«rf to & ^'IZrttt of that arc, calculating the amount of I-dTL- ^^ 

fr^m the '*', off the Bteam at that part of the stroke, we aD0<.7^ 
9^^ 10 C^* for, from the ob lone wdon of the conne«inK-W^ 
a ^ >" ^■^S-l'J '"^'' ^'^^"•^•4 ""'r •» the point r ButX' / 



.^*y,r/ it* »" J that by supposing the crank to hav. J^ V .' 

,7'C7; :^<-«fl" ™t oir.i,«. II" piston hn, „"£.,!;._" ?"'"° 



■SZ<fS^'S. 







LEAD. 



«M»d^ST' of t^'^^r'**'' *l'*«^ <" <5««'^ '^ «f^;^* '^tt l^tSrfer t£^ floor v". ft 
•"onmite of ^Jof l£3^ J^** »oiiiewb.t <rf a j^rfy a.paot at tunes. » "f ,*^%!i,« . in 100. ffith- 

»^fort,^« hlr^"*^''°""®?'**«^J^ W»«k bj^ the action of sulphureted hydrogren, and melts oo Cto^ 

8^ tt^oA ^P'P?,'°^S * ^""«" of '*^ad. "^ According to Kliproth. the carbonate of ^-^^^^^ 

cai^^ f„T^ of lead, artd 16 of cnrbonic tddjn M parts. ^Thli mineral is t^^^^^Jj-^^^^J^^^ 

en^V^v h^^h*^" ^'""-^' r*5 * ^*^«<J oonchiidal fiScture. It possesses the double ^^^^ 

nf,?Lr** ^ "'^'^ degree ; the double imacre beinir verv visible on looking througrh «"« "** «*5^ ^^ "^ 

C^T^LIT** -V*' ^^^^'^^''^^ foonTlf I ^:;V«m^,Z^d ar^ ref^ble to the octahedron, and 

^xtJ^/''^'"^^ «*/pA«/* 0/ food:— This mineral closely resembles carbonate of lead; 80 that Ac 
^^^lJ?"*r**^ ^^ inadeqite to distioguish the two. But the foUowingr «'«. f "^^^> , Zt^ 
Si^fc j^ifl*'*'' ?T^ transprency and lust.-^ It does not eflfervesce with nitric acid ; .t is but feebly 
oiackenedby guli>hureteH hvrfiwin. s* «—.* j _-^." ^^j *u^ ,«,»14» before the blow pipe into a 




-__. Wanlockhead. The constmit preaence . . , . 

"Decimens examined is a remarkable circumstance. The crystalline forms are derived from an obtuse 
rnomboid. Phosphate of lead is a little faai-der than white lead ; it is easily scratched, and its powder is 
JMways ^praj. Its specific gravity is 6-9. It has a vitreous lustre, somewhat adamantine. Its lamellar 
texture is not veiy distJnct ; its fracture is -wavy, and it is easily frangible. The phosphoric and arsenic 
a«*.j» \^^.^„ J. ^ _ ■«* ,, _ . ... jplace each other in chemical com- 

iDclude any proportion, from the 

phosphoric acid, thus graduating indefinitely 

mto arsemate of lead. The yellowish variety indicates, for the most part, the presence of arsenic acid 
8. Muriate o/leacL ^orn-lead, or mttri€>-<:arbonate. — This ore has a pale yeUo-w color, is reducible to 
metallic lead by the agency of soda, and is not altered by the hydrosulphurets. At the blowpipe it 
nielts first into a pale yellow transparent g^lobule, with salt of phosphorus and oxide of copper ; and it 
manifests the preseneo of muriatic acid by a bluish flame. It is fragile, tender, softer than carbonate of 
lead, and is sometimes almost colorless, witb an adamantine lustre. Specific gravity, 606. Its constit- 
uents, according to JBerzelius, are lead, 26-84 ; oxide of lead, 67-07 ; carbonate of iead, 6-26 ; chlorine, 
8*84; silica, 1*46; wAtGr^ 0*64; in lOO partsi. The carbonate is an accidental ingredient, not being in 
equivalent proportion. Klaproth foiiocf chlorine, 18-67; lead, 39-98 ; oxide of lead, 22-67 ; carbonate of 
lead, 28-78. 

9. ^rseniate o/^ /^um/I — Its color of a pretty pure yellow, bordering slightly on the greenish, and its 
property of exhaling^ l>y the joint action of iiire and charcoal a very distinct arsenical odor, are the onl v 
characters iKrhich distinguish this ore from the phosphate of lead. The form of the arseniate of lead, 
when It is crystallized^ is a prism with six faces, of the same dimensions as that of phosphate of lead. 
W^hen pure, it is reduoible upon charcoal, befc>i-e the blowpipe, into metallic lead, with the copious exha- 
lation of arsenical titra€^s ; but only in part, and leaving a crystalline globule, wheil it contains any phos- 
phate of lead. The arseniate of lead is tender, friable, sometimes even pulverulent, and of specinc grav- 
ity 5'04. That of Jobiann-Georgenstadt consists, according to Rose, of oxide of lead, 17*6 ; arsenic acid, 
12-0; phosphoric acid, '7-S, and muriatic acid. 1*6. 

1 0. i?rt/ ^^^ or chr'€>m<^t« of had, — This mineral is too rare to require (xxisideration in the present 
work- 

1 1. Plontb vauou^if^^-it^. ChramcUe <>f I^€tdl and copper. 

12. Yellow lead. Jl^^^</h^e of lead, 
IB. Twur9t€Ue of leo&€£. 

JKaving thus enumex-at:ed the several species of lead ore, we may remark that ffalena is the only one 
wlilch occurs in suffici^Ki^ljfiTeat masses to l>ecome the object of mining and metallurgy. This mineral 
1*4 ibund in small quant^ity among the crystn-lHne primitive rocks, as granite. It is, however amonir the 
oldest taJc-schfsts and dtJ^y slates that it usxxally occurs. 

aVeatment of the or^^ ^^^od~~^TkG meeha-nical operations performed upon the lead ores, tobrini? them 
to the degree of purity necessary f^r their metalluigic treatment, may be divided into three cia«e^ 
whose objects are : 

1. 7^ Mrtififf artd ^rl^^rnsitig of the ar^s ,- 

2. The grinding ^ 

3. The watthi'na, r>r<>^^^^lM 90 calff^ ^ . . , 

The apparatus sub«ef-vient to the first ol>|ects are sieves, runnmg buddlei, and gratings. The large 



^'tx>ry furtiAceB culled cupola ve D 
) the middle, siid 2 feet Y. 



«^»^« works wh«re th. moslructioo of these fun«u^'«*d in DerbT-bi'* ** *" "^fcS- 
^ -«.-ide in the middle, wid 2 feet high u thT^ " nio«l in„^»ed. the/ »'*'"„, ^ji 
«t«=9n>trat«d from the body of the furnace hv a v "t^ The fire plM" ■' , ._,*« 



Bole. At thiB extremity of the furmce. thtrZ *^ further eVid, where it Btands ooiy" 



&>^hest point, the vault gradually si 

_._.._ . . .X.: ity of the futinoe. there uT" "^^er end, woe™ ■; "ri" tri"- 

. flue,« f«ot «nd a halF^^ ^*" opening- "^J*™,!?! ^/^^cl^ 



A,y J* 



mted 



« into an upright chimney flC feet hirf,*"!!,. and 10 feet long, which ie ri'"'_oe 
^.ti fire^Uy ,hid. may be removl^" *?^ "b"- ^ue " «™7* 'i* ^ 

■- be cleaned out. Ode of tbl y^en the deposit formed "'"',«l?lrt- 

™l unon tJiP f,r,-.™.„ resides „f ,i,„ r.. J^^ i. called the !«»«*". 



^l»(«,"r J -«^«^ melt) requin. . 
0"^^U^ »- *aoor tor throwing c< , 

"^t-woft^- These are closed with mu,a„,B(,u,tea<«ca8t^;^ "" ™^« "°»" "F"'- ^.. ' .Vp woO" 

V-^JS««r»- freer <:.r<:ulKtion of air, or for the stiiring up of f?> *1^ «™ taker off "^en the wt«^ 
>^^i.^ ««Tled the work ue«Jde. there are five Ij^^.^''^ «.<eriate «pon th« beartt J^ -^ 

^E^ Va*^ d«»*ir«*x™. Bhutting in Lite manner with P..._i ^^ . 

toM.«»o^'~^»P^'«f!''"™'i"K out 11 

«aB.«r.«t«4 •«■»« ■''"le water, and «>di»poMd as .u»i uj„ .^ ^- — „=. .„^ r - ,^ .u. 

*^^'J^.v- - u , ^^ '"*«Sra.t«-bw^nu^, be eaailj dewed frwnO* 

The Iwufti. oT the furnace b comnoaed nf th. «.™,*w. ^ 

^: Sr^e'St^Ji'* *r -i'h -'r:; i/:!^ ^S:C^'V«n-e alage. to which a proper Aa«hM. 
»«le. U.>» hearts r»e, ne«rl, ,o the surface of the thr^TZl.V'^''- entirelSSdification. On the Ubcj«. 
-' w the middle aperture. In (^ ^^J*??. and falls toward* the "f^j^r^^^ 



there are five ap^nonZ °^'e"«l« "P"" ""? "Tlnnns/M « 
anner with cast-lrt^TT".' »»amely. three, equal Wid °^P°"ZZ 
e lead, and aDother ? '**. »«! beneath them two other o/W- 
> diiposed a» that Uu. ™_*** ecorite. The aab-pit i« ateo oo tto 
t ™*' "*« Kra.*-] . , „~i.rl<«Ted from the 



5S^ ^'^^'f^'^^iZ 



n off in 



*» «. the w^t^i 

In the mi, 
dunng tha , 



lH'!.?.'!* « '.■" md turn. 



'a; 



u^ol 



^t, the lowest of the funioce. there i> a 

unT. • ^lea-pan,) placed i.i « r«««« ^^ ""'-'."•' 

■"^tei^V/Wesfn al'l directiona. forroinB thw «M»- 

-' "^ At the UH..al level of the roetjlbath, Ibere 



* "n-ddle of t^ •" "■" ™'' furthest from the fir(,~ „ ■*' the uaual level of the inetal 
^ *'*lci^ »r,r*I^ ,"°^ '^^ " " "««I1 'P^rt?^ *Penure for letting off the ^\^. 
Ieadir.„.°e»^h a thick caat-iron plate- AbS^^'**^*;. <*Ued the «-<««.-Ao/». whi<il.. . 

* >oto an iron cylinder, throufrh -Ju; ^*'>» aperture a large wooden or iron bop«r 
J, valve a opened "* "'tttcji the contents of the hopper may fall "Wthc 



Zl ^'^"^'^""■while heated onlv-^^" "preada it equally over the whule hearth 

^ dunng (he fitrt two hou« bul ^»tAi the declining rfro of the preceding operst™. 

"•* <»«1 upon the erata from t:.^ ^*°"'' >"»' ■"•^e'j"'8 ^ept - ■-- "^ 

^''"ej- Lt lUered ^***= to timev All the doo^ i 



7i Of Oii?*' T'-oJe^i^r*'"'' 'ith eU^ A i^ ^^^ «»'«-< "i*!" 'he lead derived from a former pro- 

^ t^t""^^ : IT^."^ the opeXn uX^^.T^"^ «"' "»" ''"' '"P-l^'^ " »*=*■* open, and reZn. 

« a litUe ^T. ""* l«a.cl ehodd rise in the interior Wn abo.e (he 



"PW. 
istaf- "" 
"out 






-ucn case a Uf.l= ™ ^ "«»,tl ahould rise ii 

'^"1 from Zrii°""' •>" "^ l»'"" ■«. 

«. (be ela« .^jJ^ ^"^ °I>ened, (he head Bmelter throwa in tbnaiKb them. 
a„ . -.j™. . .„ '"n* off die meu»:.. Y "S"" t*^" .""' "^ '*"* '"•^ » little „bile afcerwanlB 

S°* •£ "?' "• oSS"""' '"'oS, ; iWelful of .mall ^ J „t, „,„,,■„ „ u,, ,..j.b.ai 

^''h. ^■':""«' n™, aS?' 'IWe, i.VSS ,i """"^ ^•'°- "«l •M'ii" "ta-d with a<«i, aa.t.,. 

Hi" tCSSfc™ '*. o'.i'S "'» th."ij^^ir'"" '" '-^ "" ""*• •"•'»<■■»" A. u,i. 

°'""^ tK« "•"•I'ij l!l*"l" l"""li'l?JfT"j'°°'" ">■?"«' "e baak d<Kaa. A liltl. mor, thaa 
i^jj *he we with V" "'oh qi,nti. ^ *'"''' P">c«e<l">? ----..- - - 

.r^ beat. .V '"> tlieiB,,,,i,l^''"tyaa to fill <Hii.-1..ir ..A 






*^t»» 




.jf*- fc* hou, J,^"*. and throw. !';«-^"'i«e, lifts off the frerf 



iiilvBo* c.i • i_ liT -;',-— — Jlag last remelted, i» ruu on or UK 

LtJi fill "le-half of the outer baein. Both the work men then turn 

't.thB ae,er»l doors of the furnace. Its interior is at thia time of a du0 

rather by the combuBtion of the Bulpln.r«ua inirredicnt*. than by 

"" ""■ *" The wnelter. after abutting the front doom, with 

fresh ulagB lying upon the surfuce of the outaide 



"enoDer. 'iT""° *>« auHprP,! t«'^'"^u^**'*' ^*'"' ,'^8™ to oo« out in emi.ll quantities from the 
'^•'^ ^fL*^ ^"or^"^^; turn ^™ th Jo";; ^^h'rr *"" "/'^Ak A,>»"^ «>- ti™e the two 



_^ the end 



Ho mo, lp.„ j*T^.L°'"*" ' ^^^ '™ f«w vapora in the furnace, its temDemture heinir very 
.*IittlB ."r*^'"*.™.^-"'^"-^'^'' ™ "M"tinK beine comnlcted. and the H.w« .,>,... .v ;...,;. 



ng being completed, and the doors shut, the renter is 



^^«» the ,1^ '"^.and cual th^wn uoon Vi. V** ™'v^ compieieo, ana tne doors shut, the renter 

' *« ^l^'* »« "o^B^^p^e^XS'^^^St^-V^^Kive -he «.™J^«. which lasU during sr^nuK 



■-*^ .^^** «*t b«. „-.-■«= ^. -- —■ 

*:* -^^ 'Y*^'' Umri^'*'' ""• ***"^ door. The* .unelte, 

^^ *W« u2j^P^ the l^aa-betb- The awisUot 

^"fi«U,„.,^l, (he three baoiTH™"* 



upper ™rt."„f tv'" -""""'■ - '* '^" ™''^ "'■ Petite, pushoa the d 
i.*^ T^J^r^?! '■*'« ""l^i ""^f"* ™'»'.«"t -l?':*'.ad«thenr uniformly orir 



g-l, (he three back doora, , 



It throw, in, by his middle dtxH-. a few BboveUuU 
iwbile, for a quarter of an hour, worka the ore ud 
then .preada them out, while the smelter p«di» 



J™ 



la. 



LIWIS. 





to Wie y-., t£o bolt ha. an CS 

■<oiiB " may be attiukiwl rv^/l am I I 



' tbe j, 

ilaced au ova 
• ae halt has an 
may be attached 
- -a to suBpend the 
a key ia called a 
'e of the iDvenlor. 
*° the fonu of Fk 
y used to ,uepep*d 

•to..- "?*• pound- ;„',™'^«'Mr-— ■ 



»<ooe. 
•tono'o!^ 



•" -° '"'"■ »f 'bS d ~r« .•u.p.Dd.l 
this (Joj.|^ ."'^cnption^ 




T - ^ 'ft 3591 ■ 

*«»^^ « of tfaem weighing »even 

^n- -"^ ■" initrt aiii. 

^^^^rmoudyb^™ w» *^" »^« ■"•^*t -ere 
ir^?*^'y'»«nlv-fi7'. ^ centre atone weighed 
-■ _^ *^^ntY tons .J wt»«. and two othera over 
^^**"Ke. Thes ^^ •evoraJ others nearly as 
'^*~"*«"'e, aa ahn-"^ -«wore auapeoded (,, » 
__^ l-IGHT :^ « PlK- 2691. 

,^*=*»»aa of Bepj "^ cbum*s oE thoao Benaationa which wi 

^*^torBstin„ h^' '^''•^ phenomena of Ught and Tiaioo ha^e alwaya beea reo 

^^fcBjnin^^K Dniuchea of natural s^ence -, though it ia only MQCe the daya of Ne- 

^ propagation through Bpaoe. "^^ "^ '^ ^ 

•• of a»*j iumpleat and moat ft««uli„ 



-=^yi, 





LIGHT, ARTIFICIAL. 



t^^*''^ 
'^^ 



•^»-"L^I.!^^i<Sltr;^H';S.i S^»-«Hted fu,,e, ana fur*- ^V^^^^^'^S^ 



^ ^water, or 



ta 






iritfr 




el 



Sme mecbaoical laws which regulate lhe*^>f<i further and fur^- 
.te?^o" solids, according to their respective ^^""^^ of undulations 
♦V^e interior of refracUng media the ether exiata ;J^^^«*»on8. ,««*u.itv oomp«^ ' 

^i^« In^^o. (i. *, in7pace empty of all other '^.^l^^'f "^''ISjA^"** ^^"' 
■»«s« relatively Boeaking, is the eUstjcity of the i?,?**^'"".) '^^ *- » „ 

a-i^ti^s commu^te<r to the ether In fre^ ****'' w its interior. j, refl**'^ 

i^™ oT^rether in their interior, but with » ^el^^pS^^^i JSi* '^'^ 

^^^rd^'ztr^'-- '^ """^^ to-Th^tt^S^^r^atioo. of the --^ 

in the doctrine of sound, the frequency of the «*^ . , , *u-* number of ^^^""T^/ 

XL the point of rest made hy each mol4ule of *tf "^^ P?^*^ "^^ fi.« «Hch or rtole; 80, ^ 

^t,?C^« ethereal molecSles next in contact with them^ d^^ impulses made «« ^^"^^^^t; andthat 
r^\>«o^xxte extent of the motion to and fro of th^ Slr^fe"^^^. "^^^nt t. )^^ -« ^ 
«>und, BO 0^« €L*nplitude or extent of the excureiona of tEe I?u ""{ ^"^ ?^*^i S^ Oieir pointe of !«* 
detenmf^ea -tlie hrightness or intensity of the light" «thi.roai «.*vi*.r,ilea from «> r- 



BsVog 






^ch<ever- theory we adopt to explain Se phenomena or i- i. i ^ ♦^ ««ncluMon8 wh\A sUi^ie 

uie mind ^ith astonishment According to the corpu8c«l«i 7?^^ ^® ^^ , i^f lieht are suppo^A 
tobe eixdowed with attractive and repulsive force? t^T^ ^^eory. the ^o\ecu\es^J^:^ ahcml their 

m2tt^ ^^erravity, and to possess other physical p^ooe^^ P^^^' ^ ^^"^w !^cribe to ponderaWe 
ma.tter. In epeatin^ of thWproperties^it is difficuU^fl^J^^^ ^^^ ^« f?°r?S/i^ of sensEte msg* 
by any straTn of the iSiaSiaUon to conc^ilV'i^^^^t one's self of the «J«^^^^*V_ ^an be*«> 



tude, or 

^"""^""^Sly 8 

momentum (by 
pe equal ' 



any strain of the iinaginaUon to conceive ♦i?*'^®®* ^'^^'^ "^^^ ""i- k S^y belong can be 
.•Jjall as those of light demonstrably aro T J^*^^ particles to "^^"^^^^l^^ s^\e grtun, 
^^^'■!r'^.<^^*»>^?<?-ous velocit/witb-^^L i^ ??olecule of li^ht we^^eda, ^^^ 



its 



M to th.r®T^ °f *•■« enormous velocity with -»,Ki v ?»olee>^l« °' S U..^h that its effect would 
!»«»<=«iv,iblj^l°f " «nnon-baU of 160 pounis, pt^i^ti^' *^ T"^"} '^^''^'V^^STfeeiper second. How 
fo^7K°«^«r &«" «5«t they, thereforerbe, when ffiif* ^'*? ' V'*^,'*^ ^II^^^^Y Ws or mintm. 
V.!**""-!^ o?""'L*° P'~'"«' *e slightest effec^^i*??* "' TJ^-"'?* f^J^S^ Contrived eiprwdj 
lui^n** <=o>^','*'"*'"°8 tl-ei' materSuty senaibl J?* *^* "'"* ''^'"=*** apparatus con 

ioi. 2JJS inotL,"""- theory astonishes us by the »._.♦_ . ^ i „rodurious Telodty of the 

^o^.* «*'*««• ">« numerical results deduced ^^Vi.^ "Tw^^^h^rJ^^^ot lees oveJwhelm- 
'"■^^d%.'«p5.V'^'t'»l.''l«>f ""-PU'-de of th^^ib^.^^it^'eSe^^f^'^t^ta^^ceiv.ble. but stiU 
'^ «- «'■ a^i*! K fto^tleT^ oli^rt"^ ^pTt^ by Dr. Young. ««!..«- 



CblofB. 

Oranrt.« "" 

lelloxv.. 

Qreen ... * * 

Blue ..!....'," * 

Jndifiro * 

Violet. 

Extreme Violet 



• • • •... 



f^^n^th of undu- 
lationiQ parCs of 



Number of 
uodulatioDS 
in an inch. 



o-oooo2ee 
ooooosoe 

0*0000240 
0-0000*2*37 
0OOOO*il 1 
0OOOO196 
0-OOOO186 
0000174 
0-000O167 



. On 



87640 

89180 

41610 

44000 

47460 

61110 

64070 

67490 

69760 



Nuiat>er of nndulatioos 
per seound. 



458,000000.000000 
47 7,000000,000000 
506,000000,000000 
5 3 6,000000,000000 
577,000000.000000 
62 2,000000,000000 
658,000000.000000 
699,000000,000000 
727,000000,000000 

The -relocitv of liij^ht being 
assumed at 193,000 miles 
per seooncL. 



iff^ * cursory viexr •+ 
^^^Jl^rent, should co * ^^^ appear lingular that two hypotheses, founded on assumptions so essentially 
1 .^^ *^P and almost '^^^^"l ^^ afifording t.lie means of explainmg so great a number of facts with equal pre- 
^*-t<iry theoriea of V^^v^ facility. TKis, however, is the case with respect to the corpuscular and undu- 
ly ^ deduced ivF ^'^^^ both o£ which the mathematical laws to which the phenomena are subject 
I^IQHT ARTrr?*^'^*^^ '^^ **^ ^^ crises with the same degree of facility. 
^^«^estic purn ^FIC5 1 AL, The inaportance of obtaining a brilliant and economical light for public md 
*^d althousrh^tf'.^'^'^ exercised the* ingenuity and scientific research of eminent men for a century past 
^^^^t after u "^ laloors have resulted in discoveries of great value, the desideratum so steadily 

on a 

of 

^red bv^tTT"* ^^ ^^^ ®'^ *^°" «^«=»in. as substitutes for coal, to avoid the difficulties of purificaUon re- 

'"^ery of f K ® ^*tter-, <lid not r^ult in any improvement of economy or illuminating power. The dii- 

oicni hn» ® voltai<:t a-nd oxy-hydrogen lime light was a brilliant addition to our stock of cbemicul 

"oanestic ua*^^^**'®'' ^^^ ^^™ ^^^ ^*®^ redviced to any thing Uke a pracUcal form suited to public or 



- ~ C' 









- -r Lvr eihit€l 
^ bee Elcct i 

i^«>h^'^, ji' ■ 
-?iiisis»hccanai 

'-^^ faiec bees,?* ' 
- '.'^i^/ifsitonilj c : 
'y^^r saK of sa^ ; 

-^.^^^ 






H^^ib 



o/k i 



'V, >i,,, • '^ miforiQ} 



sill 






"^ 






'/^'"*1'U,.. 



i-nia 




«>nd roolt. Th, iStZX"^ ■^^■^ "SST"" 

.!»■; for *»>«.lSS'j°''''."»*lIr>»l Smt""*' 

•ping^ t*^_ oarbo," JS ■"'"■ ""'"M-.^^" VSS?" 1» 





,0 cuHc feet of lime we drtura id Uraaty-har boon, and tto cotuumpUoo of co<J is mboat 

'^^^ ' "^"^ ""'* *^- !"* * P"*" »' "°« of t^« "«* approved forma of perp«t<»l 
TtUMiia. ID which one part of wood nnd four paria of pent. tJ^ F"Ik«i«i 

ti »™ openings at bottom for drawing the lime as it ia burnt; S50«. 



re openings at bottom for drawing the lime^ 

— .j^™ for the fuel, ^lioee mode of connection wiUi the cavitr 
^ealone u placed ma.y be seen at c in the vertical eection, whi^ 
"^ "lemanner in which the lime may be drawn. At a aim ehoxvn 
•*^,^ng ofT J^^ .^— i.*.«idiictor of heat ' 

**•■*■ ^S^^*^-* "^ ** *'""* "^ "™^ atone. It piodi 
a«ar- _ .^r. *T^et»o4inch. 



oi connection with th< 

' "l^^ "^ mxii HI, c m the vertical sectio: , 

"!".<^h the lime may bo drawn. At a a ia' ehoxvn 
ib filled with ciadera. which 

Kwa about 2B0 buahels of lime 



Coal ." - 
alftte tor »** 




tage aTis"-"" 

'''*^>l.V.«.-c*«f»™'?Bularbuniineai.. „„,„„,, „. 

where » f _ ,»«-fc imderKo a ...;.. ui. 
the kilo «" 
or shaft f*^* 

at the »i<*^' 

hut the »»^' 

round t**^, 



rem^rta, do Dot apply t* woml. 
aiatnbutod amongst the linw- 
»•- which in general leavM ao 



7*^ „* I*-"*' %„,. nf.i ~"™™ '"'Od. pest or mal - but lor toe latter th^ =._ "■■"■, "i course, yield » 

^^?;^^l«^jr^i^idr"'.°^«"-t^t'^«,dE Jt"'"'»^ed; c^S^^;^*?«- Iti-!6fee.high,.Dd 

aoWW ^^iS:.^^toU^ *?" '^o '~"™° iti,lS foefnone direction, for S.« SKI 

><■ *«V^^ "?"« for the furaacea dd. i™ «-»«i** "»<l (""ly is burnt ^^5 



Ina, yet it miiat be born -..irm rt 

'J *he e-"""t™nuo[iof the workman, and '^"I"!!' T-'l" "^^^^ded to = 

" .^1 ««=«palioo. or a« a Bccondary br^ocb of huebandrj, fo^ insta^o^ 

" ^ B-le" ^ remembered that perpetual farottC«» are alwaja yieldinJ^K .• 

'* fw prt^""**. i" the «mB timTaffluch larger amoont of burnt U^^ ^^' 

«^y _*:^..eiitii. „nlv.™.nmical wiicre there S » I»^« »"d constant dlt:.^^ 

-?=-;"» "... ~KSS,» i;»-K>". ™s 



i*,lbey T'"l*^nu;,- 




™b!^f»"?'^>"^/t^e1-« should b«0-43lbS; Of coal coo,uned.° IS'ut '*- *" 
coal for J0J6^""^;. fitim * «« i cubic foot of coal a burnt, which ia^"? '^ 
Limn mar lu, i"^^ ariii cn-equently a ^ery much greater ■waato,^*' 
rt*che,«„^^ 6u,^ ' jii^e bricks, in mounds ; but the irregnlarfo^^f, . 
Inuw'^-^^elT'^ tto« ^roces. difficult, and it » c"o-eq"^'ly »«1.1<>M nllt'',"^'""' "" contraotioo 
5~^!'«' ''8pe,,!.™'eall v-- *^*»re carbonate of lime lo^ea +1 per cent „«■ P"ictued. 

"X- 'M.e.looTi ?"'Cr^cV«.Mstic lime. The produce from the kilns°J_°f carbonic «id. »nd jield,, .ft^ 

*"> iA<^i** *» "^ greater when H contain a Uige pri^^ ^'ge acale i. much lem when 

' *^^*°«»orcUy.wlB<iikiBe.nothli^ 







LIME. 







I «,oJ rcMoo for BUking the lime at o«ce to the form of «* ^ff«& i" "^J^ 

^to a P«*f^*ed to the air, burnt bme fa.cauveried fery dowly «nd ^^^^^ tdr^e^ 
,-^«Ini;^i^^'<^«-^ powder, contau^u^g ..^ -^^^ ^^^^ ^t ^^" .^ ^^. 
^ifea of lime must be kept readj slaked for li,e purposes of t^e buader^andi .^ ^^ 
■^^*i!^!« tKe action of the atinoi*phere which woul-*^ ^^^ - .--i«s8 aa tnor ^^^ ^^^Ke^ 
^^ ^Ti^de^ pits- Tb« Blaking-tub la placed i, 






.S*st\e of Laudsbere in order to lay the foundations for a new J>^>^^JJI?: garlace oC ^h« 
^.«^e-pit of considerable dimensions was found in one of tbe vaults. *?« ^^ j^^^w 

^« ^^-» Carbonated to the deptli of a few uich^ but ^H below that was m tne ^^ ^ 

^r ^\y somewhat more dry. This Ume which was certainly more ^*?^,^S\ng. 
taV^^eril hundred florins, was consequently used in comtructing the n^w tm?' ^ «ii<»^^: 
xulie l»TW«.— Those varieties of lime which contain a\>out 10 per cent, of bUic* ^^^ ^y^en 

ffer«xit properties, and although they are only slowly slaked after burning » j;,nstant action 
»to a. dough with water, they soon become soUa, and exposed in this state '^.^ ^^^t being subse- 
r, sux^uire a high degree of consistence, and are rendered hard, Uke ^^^'Ahvdrautic As the 
loosened or eaten away by the water, and are very appropriately <^^®^,i understood by ref- 
ihc property is solely due to a chemicalprocess, it can onlv be explained ft«4^.3 analyses, with 
to t^e chemical nature of the stones, 'rfbe following k^^^eresulta of Berthief* »» J 
ception of the last number, which was analyzed l>y Kersten : 



The freak LttriestoMM coy^^t^i^^^^ i^ IQO part' : 

6 



Oarb. 



cc 



« 
ft 



of lime 

^i^ iron':: 

fSiUca ^^^*- «»*wig. 





89-0 
8-2 



7-8 



890 
2-0 



90 

- \ 




"«er ;;•• J — - — — - — ^.Q 

-. . ^*» -Zanu obtained by burning the eUtovt contained in lOO parts : 
ii™"-; , «-,^ '..,»„.«, ««^ 88-0 79-3 70-0 



'••••.•.... ^ 



Clay 

O^dSeofirxw; 

^ ■ • • I 




880 

70 
10-0 



79-3 
3-5 

16-7 





,^-'''''''^^_ _^_--— Imifttinn of tba Mlw^M^d""**- ''^ PiMOw „(■ ,...„ »«. much the f 

^» ll""*"^^^iellent mortar. All must be previoualy bun;? "''' "*"'^ '" .1 V. ^liv !» ^^"^ 

■S* J»TSS"— ""• "" ""'■4>6» -i" 1» *r. "A \ vS^-^iVrS SlSlaiu- '!b"° -"" 

^-i^otoie-. ,«rfi»-"»l'c '«'»«■ — Artlfioud mixtures of ■pproDrint^ -.. . . .- .-.l^r nrtP*' *'*'" 

^SX^ •.«■ to'ifr. "T.pplkd It beti 1. U,. ™.Sr,f,;- '^V'^T^ r^^rll ■"■ 

^e,»«VteBca»blib«thii,ina>mp<iill«j,aDdwhidiwis f^^^^ altnoet eartby "*^^- =^ „!%„ wl 
S.pl-, p«*k<iul«ly ip <h. luagbborbeod of Polmb. p<»,e»;5* ™ ";• f?"^ "' *; "4ml« .eb! 
d«olB moruu- -w.ti buipt lime. They oUled the nj^p^. ^^ valuable J'^'P^^L^vLd by ViU»vi>* 
■ad b, Pla.j «d .u «npl.y«l. mii will «. .,»,1 ?^ J;,-^"""""" -■ " '?, S°!fTdt, «>«■ ■»• 
T'iT' , * »•*"»"» of Ibe to™ P.1.011 1. pI^'S'" ia the i»«»f •'•J ~^' "" 

^PuoW a^ ''^ PPportant material i» daltitniteeL i?"-'*nt«en ^.fote •'^"^!^'«^t &■ U"'!' 

*f Biles; they oflencon^fraifm "'^''*"": "^''^ '"•™^P^^™/l.vie cUt-*W 

J'] ;«-.,S 01 the .«, ..S^jr?!"' '"^'•fi'H'r'J'thS'^iirS'ot-"™ - 

JWr •«*-.«. - ■'" ««wf ori^!5 ?"«?^''\«*««ipo«d<rf 44-6 per cent- silica, ]0OalBm»*8-» 
bw^"*"". t^ /" tiC «uf^ "°^ "tanmm, 1-4 ,>St^, 41 «)d^%iid 98 water. 

t1.^°?*5 aa^ ,jf*°P««y. hcwB^^^"* *" ""'"■ diftereot charKtenT They then aflv.id very po'erftil 

»&lch i, ^ ^' °"Wner in th^." '"7 much influenced bj the temperature to which they h-ve bn* 

.''1?"^ ■Withm.^'^^WffJ^^iS lhtiyha.e been Inimt. Treuesart m«]e some bricks ft™ ■ d"? 

'''»«B-laK,™S?^ '■»<»■ of M^„ ^ .OMUmbcture oC ^lum, imd contun. 60 Bilic^^ 327 alumim. !■« ni«p- 

*"*•»■ diftif= "heatho burnt i'^"*"; » P"" of *»»"»o lie burnt in Ihe alum-fiin>«ce, and the others m 

.?'»»i in W .r*» °''»«r3 J y.' *"" ""do into mortir with h.lf their weigtt of slaked lime.; 

«»»t frfiiY, tX ,- '^<I«VB. In,! ""■ '''O liinds-, t,ha.t which had beeii burnt in tJ.o alum-funiare hu-iJ 

Ua<i«r . ""^"me-kila diHT^*,""''^ withrtaod a weight of 400 pounda witliout being cruehed, while 

po«^ » we^ht Of fif, ^;' "Wt harden for thh-t, day., »«l, pl-4d in the >utme ciTcumBtanwa, b«*e 

oUk_._ f ,™*l»rt bUIcbH !■ ■ P"'**^^. A eimilar compkriaon, iiutitnted with two mortiuw. sl*o •»»>' 

mc^^^'^VtUtliad lCl„ , ""d two piirta eemont. Ible one of which oooweted of eimple cUj, Ibe 

,^'ar, which hardene.^rT^,''^"'"^ ■"•*-i> 2 per »«»»*- of lime, led to the aame rrault in favor of the liller 

**»^ •*• eicelWt hvd,J.,iT ^'^y*- "t-ilo tha ronoer required 8ti day-.. 

lla»— ."^^'"W "hich U left V"'*"*' of Toiunay. known under the iwroe nf " crrtdrfe." is prepared fhrni 

,,^^^*pa of lime, oong!,, "? bumioK the liaa limaetone. Thii wmIb, which remAins after removing the 

«.,^,.^"M of aah ) iiTTvfL ** ""^ fragn»«ni« of lime uid of the ««h. {the cnal there used yielding ■ l«rB* 

^•befora bebic „■ j "*■ ^'^ proportion of 1 : S. The mixture ia slaked in a etnaU qu«otitj of w«fet, 

■*«t»^r^'*^«'-h^rn3-'l'*"°™**'' and worked about. 

^™* fcydrauiic m-S, ™^** "^^ foHn'wi™ umlyBeH of certain iron slags whirfa are found to affiird e»*l 
^*™' '^hot mixed wktlk burnt lime: 

1. II. 

^■Jica. 4012 40-44 

AluEaina lB-31 16-38 

J^e 38-02 SSIO 

ProtoaciJe of ujangaueee 680 4-40 ' 

Prot€=.3citle ot iron j-jB 1.^3 

I'Qtiti^li 2-26 2-07 

Thg^ ^ Sulplfcur 0-10 0-16 

■^^"^^■pidly c^T*" '" th& otiite "[ fine powder, wb«n tnated with a small quantity of oniriatic wid."" 
I*i»e^f'"^^iot-» » uniform gelatinona m**.. ™^ ' 

Iher a ala^ i, suited dm Um productiou of hydraulic oooient, \jj paxnag 






JiBij 






LITHOGRAPHy 



rrt^i^lftr J^^^^d^^y^l^'^x*^,.,. , ^^*d."^ therefore.. 

%rf^**^*»Ai«-= */«.ii. Would h»v««U '»!?<l'?'''*"l°L»P»<i dr.-- T* »boDld beereo « 

-^ '"■*- '^^ a be mi»ed with tbe chalk th«i. *iih tba inJ":«<*99 is the s«me m "',^:lS?d«'''°«' 

o,y aee tbo lines be Usees. When the »boIe il '*" ™ilj me being tP-'TTnoured inW ' 

^y -trc«.Kly pr«»eU. to expel «.y air lUt may o^U^"i„^^'^b;^'';^h^<SSd reodBt .» 

«.-»«F«T»ff-— PreviouB to drawing or writing, the atone r„ ■ l «ith » cle"" '^ 

^^ i» robbed with water, lite Indian ink, and isTl **«' ^^ '"" '"P^i, raU^bea b***?* 

^d only upon the grained stone; the palirf,*^ **** wh<J'y "*^'' "* & not Iw*^ "" 

to uA. » ^ad«d«.V tint. U obtjune/eiAfr "«>T««. of Ae other would ^ ■^^0' 

ne another, ss in eograving. The ink li„ ■^^ *'»>7i"? »>>« thi^l'"?^". °* "w »"^ "" 

— - .*,««.-i — - - <»ive the printing all over; snd if u,b T? ^n polished stonea. "**"¥„ unifo"" ** 

^■*^^^"y •» "PP*'- "«' print f-™- them will be in^ /i""™ be drawn .» fine «od M ^^, 
»^L^„rii^^»^ »«» eiecut* aa well upon straie as ia iiauaUv <i™.I P^ inferior ; but it requu™ 6 
^"^^■m. cWa-lli, tl>e grained atone should be Terr carefuuTH "P"" "'PP*'" *"■ ""^^ „„tiMi be t»W 
J^t^^t «,, lodRm^t of the smalleat particle of er^^„"J^'"*d. anJthe nt.iost «"<^^^t 
^Sctoi«»V»o\«tely necessary to the perfEotion of hS^^fc "t*"" "-e mirf ace -, P^^^^-'^^'^^'Xa^ 
Uvu«Aup« tt.« «tonepreoiBelv in . he W.e manner «a ^«v^„^*P^»% " '=^»»' '^I"" „f e««n^.sTad- 
,«ita«e m Utho«r.phy to finist (he required strength ^^,^? ^P<« paper; but it_ » "'^fX ,otV a 




n ii»«'''*S .„^ ^roDi one aQother, a 
.:...nt=»^^^^ receive f 






et.^::^ do»,:"i? Pourin oveMt ■' "^ f^ ^'^ '" *^"« V pl^'ng «>« "o-^ obfiquely on one edge. 
% the auria™ ■?),,'* '".'"'; ^cid. j/u^ p^^ „„ the upper part of the rtone, 
°"«<=ted^^th„T ^^ " "■*" «.«mnd anflpUced on the opposite e^. and the 
' """iaHy a^ut ™ "^"^ " "^^ ^.ourcd ever it in the eanie mWier. The deme 

( » •JeeiAble ^ ^" f;^ '*"'■ "^ a^id, should be such as to prWuce a very ahgbl 

H ^uire mon. /T^^''™'''8 -"-titer two or three times over tlic darkest parts (rf 

«!-..„ , --^v^, '.''apartment !^'!? "" ""^ liRhtei- tints. Experience alone can. however, gui*** 

•flrfl.'f "est t^Z "*='^ Wpo^ W^V °' .^-^ »«. •" ditTerent stones anT different compoeitiooB of ehalk 
«Orf'^*»e''rKrti,Cf'*^*'^llywM£„^l"^'^""''^'»' dra.-wing8 require a weaker acid ^. the ink Tie 
tf^'^'« top to^r*' '*'« -^W ^„^^"^''«'^>''-" r«™-^^r7ver it. and afterwarda wi.b gun-water; 
r^;^^^hh £ w., ^'"'^ "11 the d« ^"^ '■''^ printiuB ink is rolled over it in both direcfi<wi^ sideways. 
IvJfi. '^'Q anv «U t °f "-bout t^ "? '*^** '''« '"^- 1* » d>en well covered over with a aolutioo of 
^r **« S^ Xl"^ *« tlie W'™^'-''*"'^ °^ *•"■ "^^ " ■"'"'«* "o ^^y- """l preserves the dm"- 
■fforie ij? „ri„. J **■ '''o et«hln ^ .«innot spread, in coneequence of the pores of the otone being filled 
Z "^^, -Wllr^ frwn- T^l^^i " desirafie to leavo tWstone foradaVTand not more than a Wfek, 
'■""a refnrL'"'^d make th! ,f"* "^ ""= elchinR U Brat l« take away the alkali mij:ed with the ehalt 
*^«*tial7;,?°'^*'«cidetllv i^. , ""W liable tolie affected by the water, and, eecondly, to make the 
^ -^»~m»Mi^*^,Perfect t>rerJ«i^ "^"y grease. Tba gum auista in this latter purpose, and is quite 
Pr&mm. ^?'~When the i, f^ "" °* ^e surface of the alone. ^^ 

""*"■ "tKa ' P~P«r siieil^r" -'* **• P""' f"»" tha atone, it is placed upon the platen or bed of the 
_V»« gum o,, .v.„ *?« BcrBK-r is adjusted to the surface of the stone, ^aiu-witer is then aprinkleJ 

'. whidi being ULsBol ' —--■—'> -> 

y and Si*,,^ ""'" '^ 



^^^at 



"•« t».*-ir., '"■" «> the Bto^l r^'" ""justed to tbe surface of the stone. Raui-water is then ai 

"o«^r^ ij^^^ »OrkB the i^ ■?■',?> *"^^ ■^i™"''''^'^ Kr«lually, and « wet sponge pa««ed lightly over «.. r^..-- ■^ 

o»s«»,^ , ^**l'^y an,lTl^* ^'''='' IS on the color-table placed beside him. with the roller in nildirectiou^ ,* '^"i 

^•>lr.^^ !"''<« tbat thTwK V y/P""^ °° "'« "■"•"■- Tfie roller is then passed over the whole atone, one «C"^ 

"«»«. »--T.J~? *^Ual motinT t °r»*>n8 receives a due portion of ink ; and Ibis must be done bvmvinKthe T Vt^u *P>pot 

'•■'H ^S*'Wtheinkr^,*J"^ pressure, which will of oourse require to be inorRased if the dratinT'l"' ^ ^ 

i'*'-='^» ^^""^d, ■^'>''.ly- When the arawing ia 6nt uaedlt will not receive the ink so readily aa it .* * b, 

'^W*;*^— ~**« Wit easily "'*»» frequently necessary to wet the sloue, and roll it several times, before it wiU * It », 

<•" ^m^^'*^ ^ould n.., l'*'*"' '^, " -^ ^'"™ <*™ "»"« ^ '»'"'" ""'■ '° ■'«» the stone too roudi; the -^Bll'*'*-.!. 

*»»-«EE^»-»_^:^'W"'g. Aftetti. ">t«^ »"»" " "^"'^"ry to prevent the ink adhering to the stone where there ii «, * »-iH ™, 

**«.»z^^^*'^ taken. rr_^« tla-a-w"? » ">"* rolled on, tte sheet of paper is phiced on the stone, and the in. Tj"-^ i 

*«^S^^* '^''^ ab«n.P^, ^^^'^'S d^ P»l«r oflFthe eto„e,,heUttrr»ppeflratohequitedryrowingtotbe I^mJ 

^4^^:^^ "■"•W^vvS^,^"'" t.l.« >no'-«-"'« "" tbe surface; it must therefore be wet?ed with a apwio. awl ., 1^11^, 

^^^* "*« Kinii '"*■ t*^"^ "■ , „?* **"" "e" worked oo the colw-table bt-fore beinR apnliiMi ^ tV^a ^ 

""gnoui** e"'""""^ "*«"«J" remain on the stone. nlUmngh it will ur.t U- visible, cWr- ^fl,'^'irf, 

■* **1 , 
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ftx>m a capper 
' l^t, that the drawii^'iOT transcript shoold be on a thin and flexit>Ie substance, such 
-»cJ, that it should ^ capabl« of beini^r eaaUy detached from this substance, and 



sei.««. -<'~r«^ in «tl.*>»rapt.kinl.or to «y«B._or^nJm^«»to^ 



to 






V*f, 



..o\t 



v> 










the stone, bv n^an^ of preasure. But as the ink with wbicli a .^''^^^nf " 

:r>a|)er to a certain dUotb, an<l adheres to it with considerable tenacity, it would De 

i li^» perfectly from ft»^ other, if, between the paper and the drawing sonae sub- 

Z^f^e^ which, by the ^i^tioo of water which it is capable of imbibing, sliould so fer 

to eacii other, tliat*l»ey "**y ^ completely separated in &venry point It is ♦" 



to 






imi 



^th the «^ 



^Tm^^sj^ "property to paper TH« w . - - . ^ . 

^"^ . crt>^'*tion is perlforin^ci "«vith the necessary precautions, admits of the finest and 
'«J^5fig P^ect^tran«r B-red, without leaving the fiuntest trace on the paper. For 
try to take a stin^^L- unsized paper, and to spread over it a size prepared of 
^^ _ starch, 120 eum™ w^t>*<^ 40, and alum, 21 drachms. A moderately thick pasfe 
^Trdi* by means' of K '^ ••; - vaXo this paste is thrown the gum-arabic and the alum, 
~ou^y <iis8olved i t!^L»-f-^r. and in separate vessels. The whole is mixed well to- 




by placing them 
i«, on 



Imic paper, 

% a time, on a stone, and passing them under the scraper 



ss. if, <>n trying' Vk^^^-^tvp^*** ^* ^ fo«nd to have a~ tendency to blot, this inconVe 
ied by mbbinff ^ T- J^ finely powdered sandarac. Annexed is another recipe, 
eqtiftUy useful an T \^\<^ **** ***® advantage of being applicable to thin pAper, 
,^, It requires ^^^C!^l^ « fie paper be of a firm texture : namely, gum-tiagacaoth, 
i.; Spanish-white a Y ."^^^^e^rcb, * drachma. 
B0 pw* "*^ * large oi - *.^ of ^*ter to dissolve, thirty-six hours before it is mired 
t^nals ; the gj^^ is trJ'i^^'^Sm^lted over the fire in the usual manner. A paste is made 
Loa after havin^^ whil ♦ *^r*i mixed these several ingredients, the Spanish-white is 
•«i, and a layer of th .^**'^ ils to be spread over the paper, as already describe^ iak- 
be mixtnre u^^jj °® l'*"*^^ to the bottom of the vessel, that the Spanisb-wbite may 
ed throughom th ^»- ^^T ^^ ^'^ hereafter point out the manner in which it is 
I, in order to tran./ ^^*^* - ViV*??® *°^ drawings. There are two autographic processes 
abridge this Jh.,J */ ^^^"^^ when it is desired to copy a fac-simile, or a drawing in 

,,eitb autographic ink, any subject whatever, on a trana- 
— .:« like that which, in commerce, is known by tbe 



^•«t rZe^^^cH is free f^WL^ *<> tna ^:^'^ resin, & 

\Xme of papl^^ ^^&Um2, and to tnij^^*^® an<^ ^±^r%e *. ^*® PJT®*" *^ *^ covered with a transparent 'si*e : 
ftki. ofieTati<»« i» difficult to erecut*> ZLv- *<> ^^•-es o»"<^** address, m consec^uence of the great tendency 

ft is wetted. Great facilities will be found from using 
tish, and afterwards sized over. 



this operation i» m^^^^ '"^^ecute «,.^ 
^^s p^per has tococHe or"^^^ 
tiMue paper, mtnpregnated with a fi^!?^*' 
transpArent 1 



ves, formed ofgelatp^ ^^^ 

the dry point, bo as to make an iv!?' ^*' ^»l^ 

* _-#f-i2l ^V^« will Hoor^k^ /^^'SlOn . *L ^ 



transferre<t W^e will describe, n, ^. .- 

T^'Jsfer 



hographic or a copper-plate ennJ, ®^ l>ro 
^Mtographie pracen^es. — To traSoJ^'^ff- 
prepared in the way we have dejT •?" * dra 
graphically; bat this mode of r>rn«!?^**- A 



th^-^ 




perfect proofs ; besides, it is i^^^^^^^r^ 
Xn oroer to write, or to dm^ n?!^'^*oi,8 



composition is diluted with 

0Otf« 

nil>bing the end of a B^^koti^^' 



p. The solution is fiJciKtateH ,1 ^^^I^^^^ 
.l>ing the end of a E^ek of iff ^y f^Uertt^^'^" 
solved at a time than will k! *^ ^^^iS^l^ 
go<j^. particularly for delicate^ ^^^ ^ ^^ 
l|a^« the consistence of rather th^\S^, aff* ^^ 
hra^s are brown, good iinpresSi*^'^^ ^^a^*" ^ 

l^e stone used for autog^^* ^t fti^^^ b 
T^in proportion as the ^Sn?^-^ ^^^ofct 
-T •' that is, taking the ston^ '! ^eU IW 

thai.* the fire be not too hot or u** ^f tbl *^**^- 
of a.11 earthen vessel filled witK, ^^ cr« ^i^*" '^ 
o^t. ^«mmg the atone ^^Ji\>jk^^^^^^^^ 
tK«^ming is made ig annUed^^^ 'ston 
wi«i spirHsofturpent^!r..> it. ''S^ 




Wi 

th 





^1^ W{^ 

p««tine is left to eVap^ie^^^^,^ .^^^^ca^o 
watii a sponge and w^':.' ^'l^ f^om^ft^^^^^ 



^, In the second process, 

..^liie, are employed and the design is traced on them witli 
^^ tiraces are to be filled up with autographic ink, and then 
~^ places, these processes, as well as that of transferring a 

• m^^ ^^ writing to stone, it is made with ink on paper, both 
*--ii.yon drawing may, on an emergency, be executed auto- 
iijoperfect to admit of procuring, by its means, neat and 
r*w immediately on tbe stone. 

;g,aper. a little of the ink of which we have given the 

^ use only rain-water, or such as will readily dissolve 

rttiing the water in the cup ; and the ink is dissolved by 

^-^ctised with Indian ink. There should be no more dis- 

^ for It does not redissolve so well, neither is the ink so 

' ^s been left to dry for several days. This ink should 

\^iit it may form very black Imes upon the paper: if these 

^yCainea. A sheet of white paper is pbiced under the 

g^G the autographic paper. 

^,lished with pumice-stone, and the impressions wffl be 

^. Autographic work may be executed either cold or 

%^mperature, or making it warm by placing it near to 

g- the first means of warming be used, Su-e i^st be taken 

^^^^ * temperature given to it shoiUd be about that 

The work may be done, though lees perfectly, with- 

.pared. it is fixed in tbe press, and the Mper on which 




ijre 



roay be nibbed with a linen cloth, sligtt^ moistenetf 
necessaiy that it be made perfectly clean. ITie tur- 

J^bt '"^""it'K^r^ -V?^ ^^"^ *« applied, it is wetted 
^^t on which the writing is done, so tliat the moistoe 
^^r, however must not appear on the paper xvhen it is 
^dflnce which mny remam on it must te removed by ft 
aed sponge, WhI "T® *' ^^^t anxr ^^^^^^^^^^J* ^^^ P'^^'^'" \u '® ^^^^'^ ^^ *>«th bands at one of Us 
:,rtremitie\, and p&,^i^ P^^^'" i^ L'^'Pt!^^ ^^^ '^"^ T"'' V^'"' '^''I'L ""^^ ^ "<> pTait' formed in 
;. mnd that it maV U 1 ^^^.^^y '^'^^ L^^^^il ^ *lSr^oU surface. Care must be taken so to'^fix the scraper 

^ ^ equally "Pp!i|^^^»;^^^j^^ ^ 



u 
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-i/'^tV^ri 



7.. 



;, 



"nil ij, 
' "^ !ap drawn | 



'oofrer 



. B 






^*^l 






■^&>^, 






'?^8, 



*t Ad 



'n'pre>> 



LOOKS OF CANALS. 






vcV^^*^ 






to 



^oC^fuo 



V©^ 



_»red in this manner »nd pawed through tbe press, UOang care ^ murk. ^7 ™^ 

5.0 points in the m^^^ c^fxTspoDding on eaJi of the stones. The artis*. harmg 

."'riooe an impression ft-om the first drawing^ to guide him. scrapes away the p«i* 

T-^main white on the fixiislied impression. The stone must now be etched with aad 

^-r^«m»o« etching water leaving one part of acid and twenty of water; the whole » 

?^ turpentineTthis nlko is generally used in printing a middle tint from the second 

*!:7^^cs8ion being iriven Hfk-om the fii^t stone, a fiat transparent brownish tmt is given 

^J^ the white lights are 4«rbere the paper is left untouched. The dots are necessary 

-.^^ingr ^^^^ paper on tH^ corresponding parts of the two stones. . - • - 

• %LS^^^- ^^trivan^n ^Y ""^^"^ ""^ ^^''""^ ^**^ ™*^ P*^ ^^"""^^ * ''*'^®'^ ^ * ^ 
' * toy t^® buoyancy of et:te ^e^ater. ^ . . ^ ^ • *• 

V^^ocks of canals with ^-tfttes, for the ourposes of navigation, are of modem invenUon; 

of Martezana, in Ital^ ^w^ere the nrst executed : their date is not more than 386 

^re the model from w*!^ ooce all others have been taken, nor does it appear that any 

^ liftve been made nor liave any rules been given for theu- proportion. The oiUy 

^ious locks hitherti> cons^tJ-ticted consists m the greater or less width and height, for 

7«.ioing one or more bnnZlLS. isolating or uniting several chambers, and making the wde- 

■f fc or curved. Belid Vm^s treated on this matter, and ^iven an account of various 

^^.^ever, only mentionLl t:^ti« proper projection for the pointed sills, and the strength 

y,9A}» ^"--^^ Y%^^^9 ^s»>^ ^^^ *"® sates ^Vl ^mwJeavorea to show that no advantage is derived from a 

qJ ^® ^^ ^j^ ^*^^**i.^A^«/ ^^**' ^« ^loto^^ ju .e^4^ t^ ^^^ should be such that 12 inches of depth, over and 
^"^^S^least ^*^^^' ae<l *>^='^ ^^" ^li-aw M^^^ly 1®^®*" *^® "^^^'"^ ® inches without the navigation being 
JL!!1 viViafc »• ^*^ if it t>e require^ Iqa *^ -tibe contents of each lock from the interval above, the dis- 
,ted :. ^^^*^«, must be so regiiX«* a^^^ ±. the quantity of water expended by one should not lower 
*^t- Interval more than « ? ^f*^'^ at most; thus the distance should be greater in propor 



eV or '■-' ^ / 




above 
interrup 
tance fot the 



;^t oCthe ^t>IJ^* 1^ of the chamber of I? i^crUs and the width of the canal; that is to say, when the 
^on to the ^^^^^T^c^g eaid the canal is n <^e distance between the locks should be greater. Cham- 

«\.«mbers aw« **• ,**^rt^Vi betwenn *i- "arro^^'"* -mn feet in width contain 18*70 niintf>i>fir>ial l«>ot ' *ho«v»r#iMi 



cubic feet ^^^^^'i^ngth of the interv^^ ^^ ^ 
the ^»^%*-J\?, *^^uld not lower tlt^ ^'^^^l 
4 inches of. ^^^i^^^'^ehes of fall „!?,?. ^ater 



.^^ Xl feet in width, contain 1870 superficial feet; therefore 
';^f,es, 15.859 cubic feet when it is 8 feet 6 inches, and 19,635 
^,1 be 48 feet in width, at 3 feet below the ordinary level of 
V,^ 446 feet, in order that the expenditure of locks of 6 feet 

7 . i,^- nf riili. «»xi«>"A« .^r thp •, . '*-^_^^re than 6 inches ; this length should be 607 feet when tht» 

t w are 8 fcet 6 inches of fall, and%^*^r ^^licn they are 10 feet 6 inches : the distance then between 
i?i \nwer tr«.te of one lock, and thl ^^^^ ^^te^ of the other should be always about 624 feet for ordi- 
«alv canal^. If t%vo locks of 8 f "! «PP«*C ^ fi*U were only distant 160 feet, the water drawn from Uie 
int^val, for the purpose of mouutj/'J* »Qch» ^^t, ^^^^ lower it nearly 26 inches, and there would not 
remain suflfioient to keep it ufloaf 5^**^® ^^^^^-«itly. i* ^T^ ^ necessary to draw a lockful from the 
uDoer interval, and then a second fcr. ®^ VV^ *o rise, whilst only one would be required if the locks were 

^f having locks too near each other, which is still further 

iiently happens that several boats arrive together in the 

^^ stop or Bleep, and that no water may be lost, the inter- 

5 to admit more than one. If circumstances will not per- 

Jjie lockful which the rising boats draw from the interval 

^r-aWy as to prevent their floating, or tlie descending boats 

the gates. If the mtenral has only the ordinary width 

t,hat ten rising boats could stop, if none were descending 

5^ must be drawn from the other intervals to keep them 

ascending boats, this need not be so great, but this ob- 

^^scessary to have basms at those situations where boats 



at a Bufficieot distance. "' ^ cause 

This exanaple will show the iooon 
increased when they are contigiiojrj'^enieo 
same interval, parUcuJarlv where th J* ^^ 
val where they stop should he suffi -^ ^arg^ 
mit this, a grreater width must be •'^'^''^ ^ 
should not cause the water to 1ot». ^*^®0, t\^ 
force in such a quantity as to tr%a^^^ ®^ Con* 
of 48 f«et, it should be 6398 feet • *' *'Uo -^ 
at the same time, otherwise sl ^ ^ ^eup-f k 
afloat: if there were as manv^*^' *^^ t& 
sorvation proves that in formf^ ®^«Jduje- 
«j-€ required U> stop any leno-fu^ * ^Oaf ./ 

>^l>eille, that the passage of -V^ W, .• 
^J^tamBaon has nevertheless 

*«paratod ; but this distintti*** th« _t* * 

j^?i**"* it » undoubted ih»?°* havin**^ 
and It has not been remftrkJ^* ^he«,\ 8 
» «ingle locMul for Ct{^ ^t ^1^1^^^ 
•a.t«rnately one up wd the otf '»'»»ey 4S^ 
ua« all the locks empty «nd » l "^^^n. ^ 
-^t«rting point; in d^ji^^ ^U t^^*^* 




«^uenUy it will only ext^ it fiWtk 
VThen the locks an> J- r P^M a Bin^il i^L.. 

first lock ^iU bTfflit^^'* ^"» ^i^e ^Win^ 
^ boat wiU ^^Z'XZ't:, ^^- ^^- 

"" lo its jot* 



^„M « W.— It -c^as the opinion of MM. Gabriel and 

i.gW *?,*'^*'"""^ »* •» "till the common opinlUi. A. 
t tb'f ">«» '8. erroneous and that when one 6oat passes 

* t only expends two locksful in ito whole paseagrbot 
^r down. Urn .tcoets aa many locksful a, thWa^iodfa 
assertion on two statements, one of M. Caligny. tlie other 

Store of the water m the same, whether t.iiiguSZ 

• , suftcently examined, a second error has bfen^^ 
a conUguons. *ey often expend more than twoU^kS?. 
l-s are more tlmn 640 feet apart, they often expe^d^V 
jocfa are distant froni each other, and the tElte ^ 

^t which passes after the first frequently finds tamo^ 
^t draw a lockful from each interval JnA ^1 t-T H: 

^ ' I in Its whole voyage. •«^iing poun, 

^' «nd the boats follow, the second boat will fi-j -ii ^v 
^Bipty all. and then fill them wUh w^er^«^"'i "•' \^ 

'^r^''in^d.e«=ending.all the locks wire emmy':rS: 
ting point, which wUl serve to fill all the otSS^" tto^ 




LOCKS OF CANALS. 



^^^ . ^ ^j ^ ^^yy intended to support water should be at least equal to half the height of the water 

' ^^A wMth of chambeis of locka must necessarily be regulated in conformity with the 

'^^ itT^«««Ll . these are generally longer and narrower than those on nvew, where the M- 

' "^Jzl^^lv occur require flatter bottoms to be Riven them. With regard to the length of 

^Tit should be such as to enable the gates at the lowest ends to open and shut easily; if 

^S\hc boat cannot be unshipped, or occupies any portion of the lengrth of the chamber, then 

' n must be made sufficiently long to prevent them from mterfenng with the opening of the 

■^ich account the most proper rudders for navigable canals are those like broad oars, which 

Zsn out while passing through the locks. The height of the water m the intervals 19 wgu- 

« mean height of the waters of the river which communicate with the canals. It is, howerer, 

civu -- -J- ^to allow the latter a sufficient height of water to receive boats of the same tonnage as those 

Yated ^^^^r^ 2 fixate the river ; another advantage in giving an extra depth of water to canals is the greatet 

cua^'^^rt^*'"^^^hich the boats can be drawn, tlie weeds at the bottom causing less inconvenience, and the 

vrbicl^ '^^:^ -^ being of course less than in a shallower body of water ; in summer also, when the boats can 

ease '^' Lt*^^'^^ lialf a load, two loads may be put into one boat, and the transport rendered less eTOHsiTe. 

evap^^^'^^-^'.^^^ity of water expended by locks is found to be in direct proportion to the height of the fall, 

only ^^^^^^ ^^'^^^e employed in going through them, and the expense of construction nearly in the same pro- 

'Th^ ^ "^^ j»as is greater as the locks are least elevated, because they are more in number, but the 

and ^^ - "^ ^ot in proportion to the number. 

po^***^V^ ^^ ^ locks are composed of two posts placed vertically, and united by horizontal rails; the 

^^^^^^^^ '^^-g^R supported throughout their height, are not subject to much wear, although they are of 

G^^ \^^^ * 4;8ng than the other timbers of the gate, which is necessary, as they sustain the entire frame- 

fortf^^*'' ^.^^^^ horizontal rails resist the weight, and as that weight is greater where the nils are plaeed 




worlt- ^^ 



l^vel of the water, it would seem natural that their dimcuisions should vary in proportion to 

^^,_ To determine these dimensions it must be recollected that the thrust of water againet 

belo^ - ^^:^*^^j^ce9 |g ^^^^^i ^ ^^e weight of a prism of water having its surfaces as a base, and its height 

the . ^\ *^*'^^€ the water. It must next be considered that the rails of the gate are at least 26 io^ 

^^iV\u**'*' s 88 inches from centre to centre, so that, on account of the casing of plank in the first 

hAit aX»^\^ Inches of height support 26 inches of water, and in the second S8 inches. The weight sup- 

aP^'^c^' ofic^ ™*^ ^^^^ ^ found by mnltipljring their length, the interval from one to the other, iJie 

"^* ted ^P^^-Vae water above the centre of tlie rail, and the whole by 62 pounds, the weight of a cube foot 

P*^r j^^t ^^ title product of these measures' will be the number of pounds which the rails ought to support 

f ^ate-*" • ^ their whole length. 
VhrowS^^ .=» f^^^ 4 to 5 inches square would be sufficient for small gates, and for larger from 8 feet 6 
r^iait*^*"'- ^ feet 6 inches of fall; with a width of 17 feet between the haneing-posts, the rails would be 
incl»®^ ^^1^ strong if from 7 to 8 inches square, putting six rails in the height They are generally from 
RuflE^^*^*^ -rm^t*** at least, which is double the strength required ; it is true that the gates are more durable, 
9 to 1^^ *^^ig*** ^ greater, which is sometimes injurious to the collar and the masonry to which it is 
^^jt tb« ^^quiring more reparations than lighter gates. 

atta^'**^)r ' jjies or styles of sates should be at least 6 inches in thickness more than tlie mils, and the joint 

The V^YfY ^ ^^®*^ *® ^ ** **^® ^^^ ^^ ^^^ planks, which are affixed perpendicularly to the laikaDd 

covered -Jj^to the styles, increasing the strength of the rails and the framework by their greater thiek- 

mtjr tis<3d ^^^^g are also introduced between the rails, which aid materially in strengthening them, and by 

ne-sL ^ lio^d position transfer the stress to tlie hanging-poet. 

their ir»^* crates ?hould always have a line of braces phiced diagonally, and making an angle with the 
Orcat^^ »U the braces above should have the same effect, and consequendy the same indination; 
lower ra»^ resting on the lower rail tend to depress it, and, even when properly framed and pinned 
tli€>»c Ix?* ||g^ their inclination towards the hanging-post renders them insufficient to sustain the lower 
into the r |^^y may be made useful by givuig them an inclination in a contrarv direction, and unitiog 
mil ; but J^.^^ to the rails. ^ 

them by 



pieces, ^. f* J carefuUy to the lower cross-piece would tie it to the poet, and ffive more solidity to the 
piece unit^ ^ ^^^ diagonal position of the planks gives them more strength to resiat the pressure. There 
*''^" r *T "^ 1<^ of material, \,ut, on the other hand, phink of different kinds ma. v be used after cutting out 
i-« a little * ^^ defective portions. -^ 

tlie knotty ^ opened by means of large timbers fixed above the poets, forminxr a counterpoise to the g&te, 
Gates ^r^^tig It from grinding the collars and racking the framework ; for this purpose the tail of the 
and Pre^^^^rn »nast be very large. Trees are sometimes used with their butt ends notcut off, to which 
b ilance-b^^ ^d any additional weight The hanging-posts often aUow much water to be lost, in coo- 
'' '® ITl ^f ^.'°^ obliged to^ ^ve **^e™ 8™<^»f °*_P**/» *"^ ^\» could scarcely be prevented if the pivot 




LOCKS OF CANAI^. 




^ «rrou»»»*=-'™; l~'l'^pl»t<.: where 
d«; are pla-^f *• t""" entrsDoe i, e6 bet 
^1% t£o '^'*;f.»"d the centre of Z 
Wp««t 13 I '^' "'"'"> tl-o face of lie 

Z^ B7 feet : the height of the g,t« j. 
Si^t e i"<'^^^-^^}^"^ 10 feet, and 
their ribs I'»'^ » ^"'l'* ,•" ""* l^'o* 
■idoof 18 incbCB lUe heel posts aw 21 
inOxa in ''•«^^rf/'' ,"'"' '" fonn a lilHe 
more than a oeWicrcle; after casling thay 
were turned ■» ." Jf'lie: the thick^ .ff 
the metal is < * "'™: *«? each fit into a 
CMt-iroa Boclce'^ *".? ''wli on an ir™. o.,,^. 
g«oti 10 inches 



plate 4 feet O **'™^\^. 21 inches 
»ad 2 ioohea *»»■«'' i «« « doretailei 



- ^ „.. .„ "'""*' »°d afler- 
*ard8 «o key^e'i "^^"Pf^ the heel-posts 
Ulto the quoin-- ""'ch are of Kingiidie 
«tono. polishca «« """ly to (he circle as - 
Posaibl^. anJ tbe s'one and (,„„ 0,^ to 
«uch close ont*^*- ™' ">« water is eflfect- 
u&lly prevented '™'" pBesing (troughou 
"Ulyporlioo t>f *^,"" '"""'■' 

The inilr«J-r 
breadth, IJ ii»cl 






iadtn, 14 ii»*=" / „ ," ""'^ are cast in them f.ii- ih» : 1 j V 

ven to eacl^ »«'/; ^ i-w^hes thick. 1 6 inches broad at ^„ j""*"" "f »te ir™, k 

i mitre post^ . V"* ^""P ^i" "<" <^Tin two nU„, «"!"";'*""» to ea^K _.-";''''"«; <i<^ir rr«« end. 



»nd mitre po»t^. '"« ''Inp sill waa cast in («-„ Dietr^Tfi ;'*""» I 

thick ; theVt:i*?»>' "'''he sS] above the plalfo^STfil 1, '^ '«"f; 



n inchee broia*J ""he enda, and .o.ume 
»nd eecurelj <i*«d by |j jnch bolta. The 
ranged that tl»e^ OfM It joint ; - - - 
OTerlap each ■" "" " 
Dp tJ>e holea. 



rose endi 
pass through the heel 
in depth and Ij iocb 
of oak 12 iacbes thick. 



ITheoc 



moo tH,lta. The boiler-pUle, whirKT* °" *■«'» toSel "^ '^ "^''^ 
>int ; for 6 feet in height thei^oTi^"'' '"'« **>"" aide, '™t""'"' '^'^ 
3* inches, and were riveM ™ th'l T ^ * "f «» b^ .-"'^ *^"" "^ 
, of the heel.po.„ are of ^tT-fc': ".at Z T^^rttrf ""/ A 



tliejr 

, -9 lopletelr SU 

inches ieyed tbroagh Om 



LOCOMOTIVE ENGINK 








,,=^ by pieces of iron. tlBat the force of the steam may not rupture it ; a»f *V^}« 
\ tJje toiler, bemiTmaSle to raiA the pressure of the steam within, are ako stroi^lj 
\yO.Us to prevent tW«^viDK -""y . but this is unnecessary with the cylindnc porti.m 
^Ists the pressui-eTi^^t the tendency to rupture. This part is travereed V 100 
>er tubes, throuich wfaich the fUme and the gas produced from the fuel 



escape. 



— ,^^p^er luues, uirough ^'faiicn xn« "~"«^ •"", ,^« i^^. ^a^.«p. 

5^*m^«e tubes are se^irerl tio the plates at each end of the boiler. ^ ^ . , 

* *^"*XB plication of this ca^nir one can readily conceive the greut play of exjwiwion and 

* ^^^^ 1,9 the rise and feU «£" tlie temperature, and how much the action of such powerful 
re out, and to ooca^io™ eHocks Which the seTeral eurfaces exposed to the preaaure of 
ZX to withstondTlSeir^i^ritt being unfavorable to it; thus, the flat parts become the 

pother circumstance -w^faieb increases these defects arises from the two extreme 
ug- secured together -oartly by the frame and partly by the rails or cross-piece^ 
<J to the liniD^ of th ^ire-box at one end, and to the smoke-boac at the other, and 
jir, and therefore ara* w^ot subjected to those alternate changes which the bodjr of 
"* Ji3 long as thev VM-Mmtffcio fixed in their ori^nal position, they offer resistance to 
^ctrts ; but when at lancet b they become nn&stened, they afford a passage of escape 
|>oiler. Wo must ^^^oolude, from all these forces acting against each other, that 
ossesa some deirree «!r^l»sticity in their several joining^ and fastenings, although 
ived, and which, »o fL^ £rom impeding their prepress, actually renders it, after a 
v^ax^ before. ***^ 

*5*?J^o grtiXe varies. Th ^cj-onomy attending great fires arises from the heat being 
tf»«i '"-^^Yftt>c>& "^ «moh more regular th -^^*b email ones. It is pKjesible that the rise of temper- 
%lLt\oaately *]^ ^l,e burning of » \^ ^^'body o^ ^^^^ exerts an unfavorable influence on the flat 
^rtToTodttO^fi ^ox, the dimensiona ^^"^^^€---11 are bo considerable. It is probable that an increase 
*^^' of ^et ^'^^" rSie grate, combin^^^ ^?VL the employment of a fuel so little inclined to cake 



VQ 



„ coke, ^°-,._^t; 
Ibrough * ^.,^^o« 



instead of ^ < 



the dept.>J^PJ^^ "found 
WOV1.X 

^^, its <Si^^«^^r'l^d't«>"t^"Q.*'Tv * ^'^^ 



more advant ^*^^ tb»n enlarging its surface, since the passage of the air 
B of coke w Tj *^2^iSl**® * ^'^^ quantity of it to the temperature necessary 
^^ <*f Da««t„**'^^ *"^C<rb the fire unconsumed, as it does when filled with 



U>o large pi*50Cft=» 

S.e^^« ^"'V'^-'r '"i^fte'a'^- 
™!*?L ^V »«^&m ; the pressure ia '^ *^ ic 



^tU o'f sl^am ;. the pressure is oool^ *» 
^^toftl^e* engine. '^^eque,. 

In locomotive, as in statiooa 
should be covered with water 
aUowed to loecome red-hot, ai,^ u ^ —^ 
boiler; the production of steam is so ^^-^^^1 



;ive, as in stauooarv ^no.; 
should be covered with water. •" j^^ tt» 
aUowed to loecome red-hot, and a '^^t 
boiler; the production of steam is or.^'^***^^ 
the valves, and an explosion consem ^?*^ 

Another very essential point foU-k ^ ^ 
rhese arise from the calcareous ,j, 7*^® pfes.^ 
wliich is not wholly carried away • '" ^ise-^ 
bulk. These incrustations becom ^^ *^ * h^ 
6 team b generated ; and, as the^^ ^*©d U^^ t 
being bad conductors of heat • th ^^'^^fe th-j» 
ttiAn the other parts, as it is u^® ^et^l , 
poiature of the metal increased *u ^^led k ^ 
It «lso has the effect ofhumit^ J, ® ^tiofT^ 
This incrustation is the most >. » ^^^e h?.?^ 
po^ce to find some roeanroV^^^ertni*^*^^^- 

When the escape of steam fl ^*^«ng JL^ 
tHo power of generating st^;?^'^ the^J??. < 
boiler rises artificially to thehl^ ?^tama^^*'J 
P«-rtides of steam iLJhft'^^^ ouj^ 
throttle is shut, the eiJ^ionTf ^'^^-r, .Th'^. " 
o^l<l water is injected into the iL?^*m Ti^^ 
or steam with which it come! r*H^h^.^^ 
h«.aiost. It results tl^^Tj? <t^^?^. 



applies equally well to the employment of anthracite 

description of the boilers of locomotive engines, that the 
^t strength and pliability : thus, where a very powerful 
^ ^^t*^« of high-pressure steam, the heat of the fire gives a 
^£r» fire^X)'^'"*^ tubes, and steam of extraordinary power 
"■^L^ opened, a large quantity of cold air is admitted, or if 
juces itself into the boiler, and instantly checks the gi-n- 
diminished, and at length becomes unequal to a rapid 

^ liole of the parU in contact with fueL flame, and hot air, 

.f ious oonsequencea occur if the uncovered portion:^ are 

V^f water sufficient to cover them is suddenly let into il»e 




^t. it becomes too considerable to be wholly carried off bv 



It resulto that th. i '^ W r 
continues to be fed. and C ST*^ «? th« 

-A^nother fact eqndly impwu,.* 

frona various causes, ^uioojt tK '^y^iadetT- 
'[ifr^^t'f * *e dome X?^^ "Oay t: 

^ Telocity as the steam ^'*.»*«»« e«rs 
It a property analo«»Mte Iv * iateoduc=^ 
>D«aged t>y the steam ifZ,^J**** »r niilfc 

It mav also resuUf,!^ .u ^^ i« v Wc-s' 
.t««n agcve the surV^ ^hV^^ ^^^ 

***er bein^ 



tion of boilers la to prevent the formation of depo^iu. 

^^ed from the water when it is converted into steam, and 

^^ earthy matter is left, which is constantly increa.sin« in 

pally on Uiose parte where the greater portion of the 

^eaa. It results that less steam is produced, from thiir 

^ ^hich they are fixed is heated to a much higher degree 

^rnediate contact with the water. This rise in the teni- 

il^tation, and renders it less able to resist the pressure ; 

^tierefore, requires to be often cleaned 

er of locomotive engines, and it is of the greatest im- 

' is sufficiently strong to cause a powerful draught, then 

:^'^a^,ee inch^ This is caused by the rapid passage of the 

^^ded and the water takes its natural level ; also when 

roportion ag u is introduced, condenses tbie particl^ 

/^toB^ of *^«»ted ^J^ter. and thus restores the dS- U 

\^r remains constanUy at the same mark as W «» t 

^ of water is only perceivable by the reduct/r^of U.e 

^itioii of aU l^™otive engines, more or less, to carrj 

^ j^ the steam, c^Uedprtmin^r This inconvenfence «^i 

^^iconed oarticles filling the boiler so fuU that S^ ^r 

^ce, and is conveyed into the steam entr^^^L whh 




LOC0310T1TE ENGINE. 



^ c-sTOBUntly filled -with eteam, the latter passes tbrcmgh these ports into the cylin- 

„^ »^ •»«. *>*" **'*'' "'US ""icover^*!- I* ■"'" tlwefore be peroeived that the nystem ot inlro- 

..iAe*''**?Ie ***-*-*'"*^*^^ '^3»"y ^'""P'^" ''"8 ejection of the Bteam (Vom the cylinders remainB to be explain«i: 

J6*^ ^t, "%^m. i.^ ^i^^^^**" eotere upon one aide of the piatoa. that which has effected the preceding luUX- 

4*^^^ *''Z^ tt*^*-"*- ^^?b^ -tlii"^ port, which ig T»ierc«d in fhe battoin of the slide-boz, and is not in commii- 

*l^a ^^^pe« ^^^ *S^**»^ cjlinder or the alide-box, where the eteam is lodged, but in separated from'these, 

*jj<.'*^ **\^o»' "^^ *^i«>-«'*^'' ''"^ '^* ''"ovabl** alitle, whidi coTers and uncovers altematelj the two other 

*^UiooL,t*i»t.*y _ ^ -w^ithapipe at the e^t-rei^i'^y''''^ '^^° into the chtmney^. Now, the morable 

-oA» *^Tta ****"** ""^rt*?- tx*!!**^' it results from its B.ltemate motion that when it uncovei 

^..rfta-. ^ i-.Aa: t»*=**"^_— »ir> int" the ovlin^Bi,. :*. -^iifn the other steam-nort in communicsi 






_ort*' attde ^•*'**Le<?»-'" in'" the cylinder it puts the other steam-pm-t in comrDuoicstioii with Uie n 

■£o«ei "^ , ftdi3»'a*^ ~^ ijetw^ee" them, by meaxxs of the cartty beneath it ; and the steana admitted into the 

pOttB "^1^ »****■■* *^^rf;^«J''^ f"^f->tToke of ths miston, by the port then uncovered, enters the interior of the 

■le»*"J~^^t t*»es KJ" tiiroug^ ^^ Traate afcean»-»»o't, and thence escapes ; thereftwe the elide-boi comtantly 

^^n<jOT. ^ >.t»*'**„-Dr*i to condnct the Btca,:^^ into the cyluiderB, and the cavity within the alide swres 

iSide. '° ^ a. r»»^^^Vt<, convey tha steam «.-ww»y 6™^ "'*™- '"'*' *"*" steom-porta admit ateam wlieo 

*^*fm ft P^'^^^^e*! '*'"* , y "Iteniatel-w- convey Bteam to the vaste steam-port when they ore 

on'J „e ""*=^'^ -^<Jo - thus the alide neve^ J«s»vob more than one of the eteam-porta uncovered at a 

*'^rpdbjt*>^ ^r=«-o of the steam, and it raovero the other two at tlie same time, to allow of the waete 

■^^ eto* ^^ V^^^^ir^c forc« of the ateam iSSiS^'* '" **" Blide-boi is therefore employed upon the paHaa. 

TZvra e«»'P"*5V« tje''*? P"^' '?,™'°niunicR^it,rm. with the atmosphere under the slide, instantly loses i(a 

-n* "^yt ^^^^V« i» ^B^" <l"'"^ly carried ^o"* " *" '*"'^'' ^^^ ^^ ** '■™^ '*' ^J^^ "*ean>. "«> the 

toTw. ■"'^'^''^^unt*'^ °°^*'« "'her aidei-^^^i^Wy o'ereorae. Now .t ia the difference between the» 

r^tetance '\Sricb ca."««« ^''.? .fNSine to ,^r7V:»rm 'ts several (unctiona ; if these forces were equal, the 

,« t"'*^i!?^enn<"»' *" «5"^°"'>. and wSSrtt»t motion. In order that this difference shoU be as Kreat 

piirt^a ^^^^^ fo.-oo of tb; "t««m eDt«,:^^£^ cylinder should not be leas than that which eiista iS the 

"-r*™ Ao ^--c«s"rV-f t^"**™ thaw,^"^ ""' of the ^hnders greater than the pr«wure of the 

*^«,he« iJ^« ^»^'<=*' 'tiilfi*^.; buT?hir5%«i''''™i™ " '''™'="" **> ** attained. The r^tons of ioety 

:Swle.S""« l>«*"5 "^-P^'t? r** erelt L-^l-^ity' tb8 .team la noceaearily carried into t£e porta of in- 

"^ Mi™ wit.»» »■ velocity wlueb jg £^7" ^^L^ proportion to the section of the uncovered out (of the 

'^r^"hrb« -'"''.■Tfne^r m^r"^^ nr^ VSi'^"? '" t)!'^,","^^"*' ^^ ^^^^ irrcKulari^at^df^ S^ 

^^Version of » rectiUnear motion „,(. ' "."„?lx»r """^ ^^ ^**^ " accompliahed T>y meins of a cnujt. 

t^'wwS, foUowa t"^ """"^^M r » ='':^rr»-'' tn««n.ita the motion t^ a rectuinea^^r^L^t^ 

trVelocily of ■"'t'jch « repr^ented b^"'^'V f^' the quarter of the revolution which approaS^^J^ 

is coinpospd. of » °"'V'"'J'"„""^ Of a^ *"^.^t.i« ; the mmimum takes place when the crank-arm fauses 
„bove «»1.^*=*V .br„th."r o?T."'« maS^^^. -^vl'^" " Pl^" ""^ quarter of the circle of the wS^ 

When Oio engine works at ita J:** Potior, " ^for fit about 38 milea an hour ™- i noo -j 
U„ .!„ or th. wh„L, Wa, >>^-=''S,3 0-lr=""~6n,S. 1J7.;, e JS,!,^,'^' "SI'S 

atroHa =1 e«i of 11, p,.i„„ iich&«»- f „1»»1., aad ot their movommt. lOT thl Sn ,1. r f 

b.lnj aho.t 1 foot 8 .och.i , »„ gS-^'iS.. a v.tocit, of 1.2 yrST ,2r S'niS ^ ^1. 

..oond imte»d 0/ .boot 00, , , ,^ &»J^ f ol"*'! S™ >o Ih. pfatoi oKJS™. ' "^Jf 

Jlni.i»"a of tho port, ,„ ' , g' •ij-'",^, ar.. 0" th. pi«o„ f '^^"i^S. i"^? ="S">"-. Th. 

.r^nrtjt waul.* h« nhoot Inn ,» .'" ^ »» V^Thnv wens alvnv. .„.i I ^ ™ ""* Btt-am in the 



f-.««t do« « siored not!, |?*«i. Ih7 «r» ^.^ »-"tSI C ™°="l T Mcpaniont aqna m .» 

l™t.B7r"''^'"""^"Kf"^iiitK'''U'ea?*='^^-^:»-^^'4« tbcB, parteatly unaffected at hi.* » 1 ■.. 

letter wm ,„„ cmijt.r.b,; '> "•ii,*'^-"^«» "J « trooKmm, etsSTlSeS ""JSli "loeitien hot if the 

fcre ot,h.t «»«,„..„ i.",'? «h n a n« jCtaa.'f^ .hoJJ be partly eaoaeTlJ £?™ I>™..n™ 1 th„» 
-wrhoUy effected by the rceulai*^tthi^^^"^*==^*^* ^ "^^ !>"««. "nstnnd of being 

H«t.Hho,,h,„|„"n"?^" """1*^ ^<»=.ll»'l'«"-portMhi, !,„„,, h. 

Intl„„,ap,,i=l""n,ati„;°»l'll.-^ „«">""'' °! "" f'""". «S.in unite. i„ „ ■ 

is coatracledntlh., ™^^- uttp?" -.^^^ '^nts Mother unnedjment to its nn^™,, ^" P'P"- 'biiOi 

i. n.l.rSS'd.tiSg^f.'f.J'VJ"' pu;S^f.^.^W* ""'>"""''"« for " foStlr: Su.'.'pi;."',"™ 
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,. . ,jL . j„>i/^ —Having described the means of ^nerating- steam, and of distributiitf 
"^^ISL w«1ySi now consider those for renewing the water in tbe boiler in sufficient fluantiti^ 
*^ aSii!wbv tbe work of the engine. There are two pomps empl<yed in effecting thi. 
^ 5.Vliftrand-force principle; the nist^na consist of plungrers, mmilar to those employed in 

.. o.^ '^ii^arJ enffines. 'Aey transmit the water from the tender to the ^iler. One of tb«c 

*vW5b «^*'^^!»-«=^^llive/ a volume of water in the coarse of about twenty minutes sufficient to supply tbe 

^n*«^^.^» ^hour's run. The quantity of water furnished by the pumps may be proper^ regulated, 

**\L.ps c^ .M^:r^%fixs of the same rendered continuous, but ih% latter la only accomplished in new engines; 

wSl^ f5t>^^^2sp^* ^ ^e other engines are sure to be momentarily chilled, either in the operation of feeding 

ttd ^^ ^^-^ or in repleniahing the fire with fuel ; but the fires of new engmes are not so liable 

*^V^ •^'^ ^^^a^Mfttry ai\A ita diapoaal. We shall conclude our jsreneral observations on Iocomoti?e 

to ^^'^ fc ^ ^'^i^^ferring to the disposal of the machinery connected with them. The power of the engine 

Of *^*:^^^ Jm the cyUnders, tbe force produced within them proceeding through the smoke-box in which 

emS"*®^ ^^ ^^Xosed. This force or power acts in two -ways, dei>endent upon the steam being on one side 

^yx'MffXi^^^^i,^'^ of the pistons, and imparts to the rods an effort of traction or of pressure acooi^iogly Tbe 

tViey ^^^^'^^^^mM^ ^o'^ ** exerted upon the cranked axle, wherefore it becomes highly necessaiy that this 

x\.« o _ ^*^,*» ^^ attached to the cylinder-box by very strong framing ; the boiler is for this purpose placed 

with which it is connected by stays secured by strong bolts. There are many engines 

' ^ few months* work, manifest a sensible play, to an experienced eje, between tbe cylinder- 

fiupports of connection between the boiler and the frame, from this reason. The caniiiffWL 



ax^«*^ 
on ^ 



Du *" ^'t^^'*— -^ ^^ euppuibo ui uww»*cv.»*v»»* MWW.WW-.- — ^ — — — -^ «.^^.^, ^.„M« v.'.w .WMS.UIJ. A ue carnages, 

wh»cn- S'^^-^^^'^T.r^es, which receive the gudgeons at the extremity of the axles, and thus support the entire 

bo^ *fl^^'*^^ii^ engines, are situated beneath this frame, the gudg^eons tumiug freely in them. 

o* K^So^T '*^^n'iages were the only points of redstance to the cylinders, it is probable that not only the 

w»g**J: ^^^ ^ the boiler on the fiume would soon give way, but the axletree, being only secured at its 

1^ ^«, ^^* -^vould also be subjected to these vibrations, and the ^eater part of it so powerfully forced 

supp<*V."^i<^^» 4ion, horiaontaUy, by the cranks, that they would be soon broken. It is to obviate this that 

extren* ^i^^^-fcox is attached to the cranked axle by four, or at least three iron raiUi These nils are 

in eaCi*. j\^^ _„j 4,^ a-u^ nv1inr1oi>-VknY And each carries a conner coIIat. in ivlii/^li fK^ .*.i»«.i._j 1. • • 



» ®*^ViO<^^^^t:«n«^ ^ *^® cylinder-box, and each carries a cc^>per collar, m which the cranked axle i 
^®^w 125^*0 «>1^ ^ capable of moving in a vortical direction, whereby it is enabled to accommodate 
"\"*^ '^^^L play of the springs and oountersprings, which frequently have the effect of separatin? the 
«*^^to ^;^rO the boiler ; W the collar is always secured horizontally, being that in which the cnSked 



leti*"®® *^%^e greatest resistance, by means of suspended wedgies, which operate similarly to keys, and 
^ ofP^**^ ^jjurriages against the axletree. The cranked axle is secured m this manner at five or six 
Sbt««* ***^>o<5tiveV, and further attached to the cylinder-box. The attention of the engine-driver should 

«fac«»** ""^^^S^*® ****** "^*"^ ®^ attachment, and he should constantly notkse that they fulfil their office 

P ^l^cc*^ ^X»d in furtherance of which he should tighten them, by heightening the wedges as the cnr- 

_j,^^>«riy^^^ 0zletree becomes worn. 

^^et ^*»r^« principal rails or cross-pieces which we have noticed, are attached just at their zs!trem\\.\w, 
^fie *^ V^l^tree, to lugs fastened to the fire-box It is of con8CK]uence that these joints shoiild not be 

nextr th« ^tift "*^ *^*^* * ^^^^ P^^X ^ allowed for their extension iu cooling, for the reasons before 
ifta3« **^*i«, *hat these rails are not subjected to the sanne degree of elongation from the effects of ex- 
gtat>o/*»_'*]J«"tl»e body of the boiler ; and, upon this occurring, the boiler is forced upon the rails, and the 

d 

of 



lioo ^<5ting them with the fire-box consequently become deranged, and give passage to the water 
Joints ^^^^^it-tM"* the double casing surrounding the fire-box 

Bitoate^ ^ow to observe, that the necessity of reducing the weight of locomotive engines has led to 

Wo *** ^ ^^clusive employment of iron in their construction, from which it results that the whole of 

the •^*'**^i -pieces in friction against each other, from the effects of rotative or rectilinear movement and 



the ee ve 
the 



«f.^. "^ tyf one surfiEu^ upon another, are proportionately weaker than those of ordinary stationary 
i— *" ^^ <»astings included, vix., the axeltrees, the beams, the connecting-rods, the guides, the eccen- 
engin^ ^ja^ fonned of snoaller proportions. Now, there is a very important fact connected with 
tries, *^-^^ tbe circumstance that the fi-iction does not depend solely on the pressure, but on the de- 
®^*°^'fi«2^* of the metal to support the pressure without alteration. Tbus when the state of the 
greeot '^^'^^^omes altered, the friction acquues innmense influence; the bodies become heated wid 
^'^■^A^f^x^ **^ ^^K' »"8«« fr®"^ ^^ ^P , y have^of each other ; thev also sometimes become 
reduced "5^^ rubbing surfaces are therefore kept constantly oiled, to prevent any alteration ttkii« 
xnelted. ^ ^-^ jg more especially necessary with locomotive engines, as these surfaces are generallT 
place; an^^t to the minimum limits commensurate with the amount of nreesure which they have to 
"^^ ■'•?»»« ^®"* negligence on this point is consequently; attended witlT aerious consequebces ; the 
S^PfZL. i«^ increasing the resistance of the engine considerably, and often BtoppiDg its pnigress; 
^"*' ^^w^^ **• increasing the wear of the carnages ; and, thirdly, from its causiWtlie rupture of tbe 
Booondly, *\ ^sequence of Ibeir becoming heated, and the strains to which thev are subjected. If the 
pieces in ^^^5ome heated in the smaUest degree, they are subjected to great w-essure aid the relative 
carnages ^ ^e metals in contact is instanthr changed, and the adherence Between their surfaces in 
bardn^ f^ ti*** they become ftiU of holes and unpaired, and oil will never restore the delicate finish 
cref««<?» »^^3 destroyed. 

which is ^^t> attention to the greasing, therefore constitutes one of the surest means of preservatm, 
^ T"\^J*^9 5«cd work in the locomotive Another circumstance no less necessary, is the nwinte- 
and of i»^^ ^l^^ ^f the several pieces m a condition as near their original form and mounting as p«- 
nance of tJf» ^^jng j, composed of so many i^ec^, and is subjected to such stTonx vibrntiom under fie 
■*-'*• V^r ehocka. and from the sudden and incessant strains that it is subjected to that it yields in » 
influence <> ^^ .^^ joinings. The enginednver should direct his attentioh to the *preventhn of fhw 

certam d^ ^„d he should not allow of any more pky m the carriages than is necessao' ; he should re- 
movemen*^ "^ ' 



LOCOMOTIVE 1 



Vto»l. »"*'.„ ■»^*^»*^^ter itoiii convert intc» Btei»i» m » given um«,,>' u„„:„„ Aiund. Uierefure. 

^^°*,*^ S^^r^*l*«tidty. which the^Ue. ^-™ 

** Q****** ■^tBr»-*^^C« aiu"-*''! <rf water vl»icb 

>t^,o^*J^t, **"^^*»'er which that engine " 




"; .^^^» a rBilro«d drawn iT^ «< «. 



gia«a,co 



-^IculaliiiK tlie powerB and praportiooa of looomotire eo- 

taijiBd, of ™« YBTious causes of retardatioa in the movement 

' f^e eDffine; aod, combining these valuea, exhibit a geatl*\ 

^^^^motivB, and under all 



fluid nt t««t- 
niBticboiiy pre. 
l0igDi i« lontfcr. 
body, nishos >™ 
which we have 
moving bod^ be 
qu irwfvelocity. 

preSBure, less ooi 



„, against a btid; moving in an iodet 

- - »— — ^petienced by the same body placed at re*t in an indefinite 

'wislajic— ^^ ^te **"'' ' """'' ™ °"**''"' separates itself leae easily thsn a 



tia.1 TKCuum crea 

Afaati bodies of in 

'Hie eiperimei 



'ITiey have, moreover, derf. 



p::^!^ ^_ce, snil t^^^ ™ reaistance diniiniahes according aa'tbe 
^«^^^ned •!>«»■ The ail having glided over the edges of a tbin 
^^^••^* _ t rapdi'T- •"<' carrying in ita motim the portkiD of fluid 
^'^'^ x^\a.We VKJUum behind the opposed suriace. But if lie 
^^ _^ in paaaing »1™* its "des luaea a certain portion of ita sc- 
em^'^g^pr Uie lund-face of the priain, extends itself behind it witL s 
^■^i^*^^«olta that it produces there a partial vacuum, or duo- 
r-^-*^ f A aimple "ortace. And as we have seen that the dufioitive 
_ _^LVe>»* ^>^'"^ ^^ preiBUre of the air in front and the pir- 
^^^^jjget bodw« definitively ■oSer from the air a less resistmiCB 

firmed thois of Borda, on the proportiooab'tv of the resist 

— *^*lt.y, within «" iaaita of velocity that we have " 



moreover, derfo^? "• Ute ^ ^"^^^^'two square Burfaces be placed so that one ahall precisely 
ther, and at a dl^^''*'! tJ. ^^^' -A-^^,— 1 to ooe of their Bides, the resistance againat the Bcreennl 
be l-lOths of thT*^ a&si* _— ^i^red bj the ™rfaM in front. It cone*qn«.tly r«ulta that, 
irikcea are Bepa,-.''esiat^^r' ^^^"^i #5 *.«*'''* 'J^ reUtively to tlicir extent, the resistance of the 



i is tot!;^"' bva^ " ^^^"*^^ly ■* " " '"""* '«'1"^<1 in the 
«We two surfiu^ are verv ^ **«!»« '^''^^!>^**,«!l»tively to their extent, there is 

ooe side of the .urr^Vote:SS.^U,^-;^^^f^ «r to exert .gamst .t a resi, 

« ^iUBt BO i»oi„.'«a«»wtS JZ.^ to iha case of a body movuig 



bqt it on the coutrary, 
>om to tbiuk that the 
since a space equal to 
equal to (wo-thirdf 



;.,effiaeul vanab\ with the W^^^^-m pe- 
nir agaiMt the body : ^'^Mi of t& 



jfS^V^diculartoUial surfa^ V the velocity of the motioo. 
,r^^^^4^y. ""'' '""J- * ** definiuve reuslaoM produced by ' 



reuslaoM produced hj the 
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■ ^"^«u«t be TOb*»»cteH lk«ai th** of the trein in motioQ or •dded to "*. w***!*!^ 1* *" 

rf "^^t . <*"?S«> <»«~p«iJi«e «,«.«•«=• «-i»-' ■!>• -;"■• o;?^ 



•«^^ it woDid teiS to d^ Jli*« »•' "" »«go™ laterally ; and o™8equenUy, frc«n Ux 
,« , ^ towanU th- «?fj ^n.« reBUrtwoe produced will therefore be the same » th« 



'Tee* o- — 

!'-»^°^» *-»?-^ ^Xa-^ "■ » "^"e on whi'Cb the effect 
;„ ^'''^jjd «-^^**^%5l«i De««*™fJy be very *=*ws»aerable. 

**■ * J'raelieal Table of th^ reiriatanct of the 



;-«j«w- Ijeele, all those on t>i« further Bide trom Uie wina woiuu ajr 
*»««, . towards the wind The reBlat«iioe produced will therefo 

**- - —■•^*» *^^ De«!£<™rily be very *=«M»sido""«- 

\r againat the train*. 



an a larger diameter 

be tlie same as that 

not corrected, -"od 




Th«o .re thfl „,„,, ... 
3*du«d f™„, th, „,^"t ^^l ;«8>.t to bo - 



•^t exp'^'^"™ ""'I'^ct IB used, and when aocooul i> 



2^4 
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ThUpre 
gravity of 1 
And eugiu^ 

Thus, 
offered hy 




Oil 



an expreB: 

moUoD of 
ItwiU 

a train in 
O/the 

to tne ens 

But amoa^^ 

of the eo^MM 
The st&ck 

large o_ 
piston taK^8 
motion of tJx 
trary to tliis. 
aperture exic* 
except by asi 
necfissanly l>i 
the pressure < 
results that tJ 
tional one to 

This new 
sufficiently tl& 
the definitive 
sufficiently, ai 
for the rapicL 
thrown into i 
chimney ancl 
expels the gi 
iouuediately 
been made. 

incandescence 

ficial current 4 

blast-pipe su 

attributable 
Omitting ±hk 

resistance 



to the desceffifiing 



tiie inc\\ou <>J ^1>« ^ ,^ have far it« value Jk M. ^^^ f^ totS^'SS^ti^ 

it u. P^^.^^ »^<:H T^) ^ represent, in Iba. the gravitjr of the total ma^ tr«n 

- .. mouorx t^l^^^i^ i^ aecending or in deaceodiog, the total resistance, m lbs. 

tliemcU^^^a plaSe, wiU be 

Ar M +^{M + m) = (it ±^) M ±^ tw, 
^*iich the aoga 4. belopga to the ascending moUon, and the sign 

« easy then to obtain the number of Ibe, which represents the x-esistance opposed bj 

?**F/®°^*«*^«'» inclination. . x.- v. ' .>..>w..«H 

^/^ blast-ptpe. — We have just examined several of the resistances whu^ are ofyosed 

TOotion, Tiz., that of the wagons along the rails, and that af the air a^rauist the tmns. 

«.c,« .... pig^j^j^^^^t ^ overcome, ia €»ne arising from the di^ipoaition 

1 be proper to treat before proceeding further. 

. « ^ .» action in ttie cylinder, migrl^t escape into the atmosphere by* 

r»^ ;^ ^en be possible for it entirely to dissipate itself ia the air, during the Ume the 
ncvA . « "Jonsequentl^ the steam would in noveise impede the retrograde 

-^ *^»«* uuji^ni: oe the velocity of the piston. Sut the dispoeition adof * ' "" ^*'^- 

8 team, on leavmg the cylinder, has no other issue towards the atmosphi 

y narro'^ 1 nor t*An if K«r tKof ov^A«.4-i'm> ^^^^^^^-^^ 4-^4>»ii^ ,~~^z*.v^Zm^ *\^^ 4-«mA «^r nn^ stroke. 



11 



iu which «f is 
feet of water- 
result of the i 

Thepressure j> 
With reajyGcti 
formula shonnre, 
«»y, the V 
•Making 



tbe pressure in 
of the vapori^a ^ 
^ow, for en^i 
the use of a W"^ 




Dg tne cylinder, nas no other issue to-wards tne atmospnere man sd 

narrow ; nor can it, bv that aperture, escape totally ^within the time of one stroke, 

5- A ^ery considerable velocity in its motion. For this, the steam in the cylinder most 

f>ire«8ure sensibly greater than that of the atmosphere into ^which it ^ws ; and as 

»i:eam Willie flowing acts in all direcUons, and consequentlv against the piston, it 

^l^S^*? of having simply to counteract the atmospheric pressure, finds an addi- 

"l^-L ^^^ adde<f tothe divers resistances ali^eadv lAeasured. 

Lfcl^fc^f^ht^^^^S,*! ^}^^. «*^ be in a great measure suppressed, by enlarging 

^fc ^^h5^„t^^ V ^^ V*" ^ ^^"^^ ^ t« l«se oo« *>f «^e Sost active caus^ of 

^\^du!.« ^^TiJ?*" ^? «^J«,f «f «»« disposition of which we treat is to excite the fire 

iiS^orS.i^^^^^^'?!?^*^"?*^*^'*^ ^^« ^e^y Sre^^ quantity of steam requisite 

^^rr^ttent fete^o^'J. *^i ^^•>**^ ^*^^ ^tJinTis conducted to the chimn^. and 

^^^^^di ^l^^t'^y^^^'^ ^"^ ^tracted tube, placed in the centre of the 

fcjr a nuwi of air rushing ^uLh^^^r^^^iJ"^^^ ^^ a vacuum ; and tLs 1. 

t G^Gx-v AsnirAtion thus nrSri»!.«A**u ? Dfe-grate mto the space w^here the vacuum has 
1^^ J&^^ct^Sln S SSTo Z?'o^^ /"f/ ^"^^^i^^d in the fire-hox grows white with 

essecl, tfae engine would becomealm^t^^^it ^-^?' ^® vaporixation. that were the 
^G orJi.i«xy c&aughtofthTS^nev^n^!^^*^'^^^^^ proves that the current of air 
«^j^ori«xe^ts ^^calculation^fro^ wScH^ ^^""^ trifling. 

^ tfce i>i«ton caused by the action of C bW^p^X^ f^^^ ~ *^^ ^*^"« ^ ^ 

•0118»— '; 
o 

locity of the engine in miles per hour • «»' ♦i.^ * ^ r 

3UI- 5 <> tUo area of the orifice^ the blaatiSl t^^'^ vaporiiBation of the boiler in cubic 
^tion -wrill give the pressure in the blaTt dST^oJEI®*!?? "* »<l«are inches ; and the 
|u&re roofc wiU be 144 times as mu^T^ ^ ^ expressed m pounds per sqi^are inch. 

the €3 »i«».s^tity represented here bv S' *li« ^ 

, tl^e ^^.i^Kori^ition sigoified is thelio^«i vapcSSTtioT^ff ^"^"^ which we deduced the 

t:«ca before deduction of the wateJ^S^awavK?^ « the boiler, that is to 
ar formula ^-^^riea away in a liauid at^f » ^»:«^w ♦! -* 



Isation 



I co^urs 
^^»ced i TMS3r -formula 



a* 
•0118 ^=„/ 



water cairied awiLvT«Vi- "?-'^"e t>oiIer. that is to 
"•^ea away m a liquid state with the steam. 



the 
-vc^hicla 
of ! 



;-^5 



of the ratio 



^ constructing 
'^t-pipe in p**"^ 
^ think that tta* 

pipe, will not 

ti^cTx the .i^r^^^"^ 



MS may be represented bv thi* ^-.^-.^^ 

ifice of tlie bts^pipe, miiltiriLS? ^"'^ P ^^ »" which «' ^ni »^ *i. 

8 96 square inches of^^^^^Pf^^*^ !*«* established 

area, which gives for the vahie 



60 
8-96 



= 15-2. 




obaDsed by th« different engine-makera. C ^^ *^* °*" '^'® '*'*^- 

ly «» « conetent quantity, gjven >.« ♦». ^ **»«e<iueii«y the ratio ^' ma.v be 

^,r««l» will be «d«^ «r^^y *e above proportion. o "^J^ »* 

He prewar, due to the^U^p*)^ .^'^P'^seion "Tj - 



loro'u.. .... ue reaueed einiDlv in tiT " P*^Portioii. *• 

luit.«- tlie pressure due to the^UT J^? .^'^P'^io^i 75 ^ ^. . - ,. 

«n«a whose vaporijtatioo ia 
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OiD9eqaeiit\;y- 



will be the 

Ab tkuB fo: 
wheel to t 
stroke, and 



willbeilfe 
wagons, th.« 
This resi 
by rfthe 




Utance o^yo^^a to the progression, along tfie raJJ^» J^y^ ^ ^^ circainferenoe of tte 
auoea oiit^TpUton a rJSbSnce augmented in ^^"^^^1^1,^^% I the lengtli of tbe 
» stroke of tWe piston, if D express the diameter of tlie wx. 
."tao of ihe can^UKnference to the diameter. 



irX) 




. ^ , ^,*„-«a bv the resifltanco of Uic 

^ ^« the i«8ton, caused by that force, that is to «ay, catisea oy w 

, the air, and the friction of the eng^ine. - -«— * —-«-""■•"•■"* 



-, the air, and the friction of the engine. «5«#^n« But rcpreaeotiiig 

that which is exerted on the totality of the area «^. J*^ P*®S2^ence 
:r the cyHnders, i ir rf« wiU be the area of the two pistons. WHence 



P irI>F 
27 "^ 2/ 



or, rimpUfying:-, 



iirrf' 



D 



I>P 



-(1 + ^) [ (A:=fc5r) M=fci^ m + « t;*] ^^ ^- ^, ^ 



will be the 

Adding to 
are already mi 
tbe piston. 



■»c^, divided according to the unit of surface of the piston. «^^ .^ - / •• ^which 

a« atmospheric pressure p, and the pressure caused by the blast-pipe p *» ^J «-, 
d per unit of surface, we shaU have, in fine, for the totcU resistance B. exeneo on 



j>' V. 



In this 
the plane be 
the engine 
eqnal to 6 l\>s» 
engine is exp' 
inches or in f< 




the value R 
likewise in 

Applyin^^ 
the velocity o^ 
diameter, strolc 
104 lbs., blast;-! 
said above, th<3 



60X6 
2240 ,^ 

"600^^^ 



, €Jie quantity ^g represents the gravity on the plane to be traversed by the train ; if 

t:ja.l instead of inclined, we shall have ^ = o. 'The weights M! and wt of the tnun ana 

ed in tons g^ross ; the quantity ifc, which is the friction of tbe -wagons per ton, is 

alue of 3 is -187 or 4, for engines with uncoupled -wheels ; the velocity « of the 

mem miles per hour; in fine, aooording as the dimensions I>, / and d, are expressed m 

d -tlxe forces t*, p and v>\ in pounds per square inch, or in pvounds per square foot, 

ult firom the calculation will be the resistinir pressure on the piston, expressed 



3 p^r square inch, or in pounds per square foot. 
;aXcu]a.tlon to a train of 9 wagons ana 



2 



resisting pressure on the piston, 

[X>t. 

a tender, weig^hing' 50 tons gproes, and drawn at 
)>er hour, up a plane inclined ^jlw, by an engine with t-wo cylinders of 11 indies 

p>iston 16 inches, propelling wheels 6 feet, not coupled, -weifi^bt 8 tons, fricticm 

2-2S uaches in diameter; and referring, for the resistance of tbe air, to what has been 
f«->^ -will be as follows : 

motion of the wagons, in pounds, or value ot k m. 

-avity of the total mass, train and engine, or value of ^ (]|€ -|- wt). 



Ifc^sistaiKse of tiie air against an effective surface of 180 souare feet, at the ve- 
Xocsitjy of 20 miles per hour or value of tc v". 



754X1187 



28-fcance of the train, or (Ar + ^r) M +^m + v v*. 
S^^S^*^"" train, including the additional friction wbicb it prod 



uccs m 



rtion of the unloaded engine, or F. 

resistance to the progressive moUon of the engine, or value of the term 
( I + ^ ) [ (A: 4- ir) M + ^ m -h « ««] -I- F. 



On the other 
81416X60 in. 
2X16 in. 
188-e 



S-C C?i 



jumference of the wheel, eacpressed in inches, or ^ I>. 
:ble the stroke of the piston expressed in inches, or 4 /. 
o of the velocities of the wheel and the piston, -^^ 



or 



8*2 



2/ 



Thua, 
»«1 X5-9 



OTO i 




istance produced on the piston, or value of tbe term 
^re» o^ tl»e two pistons, in square inches, or ^ ,r rf« 
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in its boUer, the 



power; tl:*.i 
engine covi 

prevent tiftx^^ 

lator, tha^ 1 
necesaary- 
tbe safety— 
tor bein^ 
holds in r* 
Bteam-wa., 
oecessaTy 

There 
is owin^ 
theeogUB 
indinatio 
mouB fV 
instantly 
plane. Xi; I3 
a re«8taKio< 
sistance of* 
the steaxn, ] 
eacapes in^o 
for its total 
bly stop. 

Moreover", 
is the most i 
the cylinder 
been carried, 
tity of watei 
of the pisto 
water cons 




^ ^ olaco in its Ixjuer, uic 

«.,,««* •*?^*^^ing to the production of »te««,T;% S d^. *^Tbe re»»U is. U^t to 
r vlxegvxW}^^^ afa greater velocity.tt»n»t»»Uow^to ^rtially.to close tiber^" 



.«T««u». . .^^ JiTagrite? velocity.ttu« it .» aUow^w ^^rtuJly to ^X oua^tv 
«e from ««<^«>«^«aK too ^t a velocity, it be««°f" "t^^lii cylinder Oi«n J^e quanU^ 

-* uce tYio iestaa^ ▼elooity. Then the aurplus »?<"\°«^^^^ place only on the re^ 
«ixd escapes \T»to the atmosphere. w£cn tliM ^""'Jfn^o? power which the engwe 
lr.at cloB^it ia but a proof; %a wo have said, of a ""Sr^noea^en it depends on the 
But if it takes pW^more or less under all '^l^^^^i^ case, however, it « 
r too narrow, and is consequenUy a defect in the engine . «« 




1 a valuation of this loss. . ^^ „*^«wri bv the valves ; but this loss 

tber case in which engines are subject to a ^.^,?\^*^'^oVe abundantlv ; it is when 

ent cause from the p^ding, and exhibits '*»f *^™"^^'^ri * jt ascends a moderate 

s a Bteep acclivity, with an apparentiy moderate loaa, ^^ ^o emit an enor- 

verj heavy loacf. At these moments the valves ^^^^f^^^ inclined plane, its load 

steam. T&e reason is that, as soon as the engme If^^J^^l^^^^^n^ gravity on the 

extremely heavy, on account of the surplus ^ftracUon required ^ ^vity alone, 

n shown, in effect, that on a plane inclined yj^. every too P^jJ'^^''^^ that the re; 

to that of 8-7 tons on a leveL It happens therefore, at ^t ™?"^^°\j^^equenUy 

in may become greater than the actual pressure of tbe »"®'^^";J** --fetv- valve, and 

rf of flowing by the cylinder, driving back the piston, j|~^«- ^^[^^^re sufficient 

tnaosphere. If then the passage which the steam thus opens ^^^Jj^^JZ^^^^ inevita- 

- no more steam would pMTthrough the cylinder, and the engine wouia mevi 

supposing even the steam in the cylinder at the same pressure as in *^^^Tii^x,„ 

le supposition we can make, it still happens that the volunae of steam «^Kf™'r ^ 

ehan the volume of steam generated in the boiler, a part of the water ™"»f "■^_ 

*lie boiler to the cylinder, in its liquid state ; and the compari#on t>5*^^«®^ %«.S^tv 

• med by the boiler and that which, in Uie state of vapor, corresponds to tne v~*^'^*. 

^s that the quantity of water really converted into steam, is to the total quanwy «* 

the ratio of the numbers 



11827 
16641 



^•76. 



Thus, in 
cylinders ^^w 
wtier esej> 

The 
the steaixi., 
the means 
tion of tlie 
directly 8ut>nr» 
tion of 
the reszt/i rrm. 

at the sct/ct^f' 
the volume 
of the pisto: 

"We liave r<3 
with the otticsw 
ratio to estal>l 
to 1 : since fk^mr 
vaporization ^ 
of the engine 
a greater ^v^ei 
In fine, "to ' 
determina. tioca 

per cubic foot^ 
per cubic foofc 

Fud. — To fi- 
to draw niuat^ 
with that loa<i 
ful effect of* tl» 
effect produ 
consumed t>yi 

The princijp-a 
place to tw^o 
determine tji^ 
determine 

oij v- the q«^ 
tv hen o-n 

g. To 




perlment^ we see that -24 of the water expended by the boiler was carried into the 
\»^ix^f^ reduced to steam, or that the real vaporization of the eng^e 'was -^IQ of the total 



away with 

but as in taking 
the total vaporixa- 



liiolx laaw^e just been presented above show that the quantity of 
3 In different engines, and ought to be determined for each sepa^ «..*» 

con tl:»e different experinoenta, that loss is found to amount to -554 i>f the total vaponxa- 
>ii.er', t±xM& proportion maj be adopted approximatively for eng;ine8 that have not been 
t>t:^o<l to ^jcperiment in this' respect ; that is to say, in order to have the effective vaporiza- 
cxiotivo, ^Jke totcU vaporization 0/ which its boiler m capable mrjtst b^ firmt vne4JL9ured ; from 
t M^^ ^^M^^^'w^^jLctedL, if necessary, the loss, either cu:€idental or pemtanerst, vekich may be observed 

aT th^ Temainder must be multijalied by the fractton -76. Thus will be obtained 
Ixich passes mto the cylinder, in the real state of steam, ajid produces the motion 

-. to think, from the different experiments cited above, that with coke for fuel, and 

^os of the work and the construction of the engines, the most advantageous 

^he total heating surface and that of tiie fire box would be nearly that of 10 
>rtion there would be mcrease in the expenditure of fuel, without increase of 



t^.^^^ Z *° «»°J™^. ""ere ^o«»ld be redocUon in the vaporisation 

Ston oF^riD^LS^^^T* *"•*" P~portion of the fire-box to the total 
f^^t^\^^^^J^ ^^'^ ^^"'^ ^^ »-2 to 11-8 and 11-7 poundi. 
,riS » itTeSvaioKXr full"*"' ^ ""^"^ »* »«'' P*>»°<J- ^«*' 
"%t.!t:^^4Z:t^^^^J^ V-r «i,e. u,e load the en^ne is 
wm immediately mafekn*47lTo,;Ll^° velocity tbe eosine will aasume 
X^ividing then the'consumpUorof fudTo^T^^^ •**"* ™"« ^' ^'^' ***" «"« 

>^r ton per mile m drawing the given loacL q^^^ntity of fuel which will be 

3 ^^rhich occur with respect to loor^mntiv-^ ^^ • 

=., namely: 1. When tfc enghie b S^t ^^*^® ^*^^® reference in the firet 
^Y^^^ i^ ^'" V^^^\ 2. Whence tn^iSel^si «>nstructed, and the question is to 
-t^^ ij ought to have in order tT^^^u^ dt^e^ff^^'^'^r^ ^^ l^^tl^ « to 
■\sLtX^^ to the first case. "^ «^«Mir«ti enects. At present w^e consider 

«,U-o»4y constnicted, and all its dimensions mi^^ K^ ^- 

cot tfiemselves. mensions may be directly measured, the foUow- 




In^ 



w ^looity the engine will assume with u. fi»-^ i -. 
{^a it wm draw at a desired veWy* ^"^ ^~** » 



a« xocoMonvE engine. 



60 1822 =^20*71 TniT^^- t««rw 

Thu. w«, ^.^.^ ^m^^t ^e aV>^^ ^ir^poSoo wiU necessarily. P';«*^;^rUo^ 
for the ene:i»^.« - «Jb»t U U> «iy,» lo<^otive engine with the^»^?" Pr?|d up a plane inclined 3 J^, at the 
with a T^eXX-»'«:.«^»«=:SKL«<± fire, dra^ a. load of 60 tSis gross, tender includea. up *- - K-. 

velocity o*" '^^Z^^'TT KK:ai.l.ea per \Mwir. . ^ j j tliat if tl»« engine euners oe- 

With re«^«a^Br>«^ *>«:^ *iie velocity wKieh we have iust obtained, we ""^^ **1*V „«.H«r of locorooUve_engtnem 



With re^sr^^Br^^^ *>c:^ ^Jie velocity ^Kich we have just obtained, we "^^"^^^^umber of locomotive engtn^ 
sides a .!•»— ^ «►«" ««^»«m by thi aafety-valve. w&ch takes place in » .^^f ^^a^^sequently the definitive 
t^erewdl ^fc:i^«,:» -fa^a ^ coiJespooding^loes ail the effective yaporixation and ^^^^^^ j^ ^^ eigine 
vcUwity o:r «:2^e j^m^^iwie wiU he reduced in a corresoonding PT^f^^^i^^ velocity, io the case above 
be ItaWe^io a. :E.<r»«» of -05 of its vaporizatioo in full activity, its definitive ve j. 



•96 X 20'71 = 19-67 miles per hour. every other enginsL 

The cat«5ulAl^«=»K^ ^««riU be performed in the same manner for every other loaA ana »«^ ^ 

M, Rcpr«»«Km-«- mKm^^ ^CJae number of toui of the load, tender induded ; 

The 'M/'^i^^ftm-fc ^=^^ -tkke enirine, in tons: * - . ^ ^ - -i-i^Sa oT&witv beinic nail 

The ^r^L^m fc3^, >>> pounJS. of onetoi oa the pl«no tbe engine baa to traverse ; ttu- gr»v»*y °»^ 
for tJb^ ^s^s-^Si^s ox a horizontal plane ; 
Jk, The frictLA •«=»«--& <^:tf~ tJie wa^^ns per ton, expressed in pounds ; 

IP, The welc»<2m ^^-3^ «:»^ *he enfi:ine, in miles per hour ; , ^^-^wl in nounds : 

tt«^, The resi^^^«a.snac^ of the air against the train, at the velocity v, resistance «*P"",f^?^Lli *?„ oomda per 
p'v. The pres^Yjas-^ aa^ainst the piston, arising from the action of the blast-pipe, expreeseti 1*- f^ r 



9* 




8quar4 

F The lricC;.a<z»>a::a o#* Uie eng:ine, in ponnds ; 

h* Its ad<iitt:.i-«=»vma.l IViction, measured as a fraction of the res i s t a nc e ; 
]> The diacKia^^'d^a' o^ the propelling wheels of the engine, in feet ; 



<L The diax-Km^^s^-^^^a- o'f the cvhnder, in feet ; ^ 

/ ThA \&r%^^"^S%-m. ^>#' ^be stroKe of the piston, in feet ; ■. ^ xm. •«.;^mi 

c The cleMr«a.ara<5«» oF the cylinder, represented by an equivalent portion of the stroke of the pisun. 



and c<r»sca^a^<3.«^^i^tly in feet ; ^t,^^^ 

P The tot^M^ «>x- ^jcip^ol^U^ pressure of the steam in the boiler, in pounds per squttre foot ; 

«* Th*» &tin=a«=>^K>l%42K-lc pressure, expressed in pounds per square foot; finally, 

B lie «SSi^^»^^ v«.pori»ation of the engine, m cubic feet of water per hour, at the velocity known or 
' ankx&c:»''«i^Kx of else motion; 

Ill 1^ ^j^^ ajx a3Jidmia-o otf" *lie steam per unit of surface in the cylinder. 

c\ 4Ktr*^*t*»w- V^ACBcI if ^we express by /i the reUtive volume of the steam fl^nerated under tJic pressure 

un tut, **^"^^| ^' .,«rl»ich will be found in the tables given, p 230, since S is tlie volume of water 



Taporixed p^r Kxoixx" ira ^iK»«s ^«& ^ 

.„ , .. _ _« j»w-igrm«JJs-*fr volums of the steam under the pressure R; that is to sav. during ita action in 

will be time ocak ^-ttiJSi-n****-*^— -o *- » ^» o 

the cylinders. , «lmc3 ratio of the drcomference to the diameter, the caiMuatv of each cyKnder 

But, expre»«s"« ^^^Tj^^ Igton, has for its measure *— - J^ 
which w t™vc-xn»«5C» oy »-" *- 4»cl«/- 

^^ «r tilmo <5:y linder oflfers, besides, a capacitv of 
and the dear^a*^^*^ *'» •-" -^ i»rf»c. 

--^ *ka^ <»taUfey o^ *^® *P**^ ^®** ^»^ steam at each stroke, in eacli cylinder, has for its 



^ . ^^m^^ '^ "^^^ ""^ *^® P*****° corresponding to the volume of steam expended . S, 

Consequently -t-«=»^ ^g a^ f-~» 



win be i » d« (' 4^)' 

« ^-, -^— .^-^^ P^-^^^^'^Jf^'^uTvL^^^^ expenditure of 4. eylinders>full of steam, 

But^ wbile ^ -**•■- i^^ws 1 t«:ajrxca oi uie wneei, mat is to say, a space represented l>y 

the engine awl'^'** ^ »I^. 

,i.e«ro.e ti^- -^-^STujJ^tr^s bT:5rrrji;^:ihr,et^^^;^s^^^ *^« •»-« -'-^-r or .*«*«. 

divided by -* ^'**** V==?L§. ^> 



AnafiosBy^. 



Iliis — ^^ -^ 



52^ ^the veWy \tL engine expressed in ^Ues per hour, will be 
* 6280' d«' npi (1) 
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Useful effeefc 

Useful effeo« 

Qniintity oC 

Quaotitjr of ''^^J 

Uoefol efieo<^ s^ 

XXaeful efleot. 



Velodtj of 



If azimuxK^ 1< 




That the , 
10 the fono^^*^ 








XOCOMOTIVE ENGINE. 

Qeneral eoMS. 

784 S ^^ 

STuae, in nulea per hour. 

s», in ions gross, tender included. 

11. E ==Mt» = 

ern>68» drawn 1 mile per hour, tender included. 

_ Mv_, 
U.E. in HP 52-6 

-power- 

n; _. 

Q.oapr.t.iMr. M — ^^ — Cw 

pounds, per ton gross drawn 1 mUc, tender ftot included- 

S^ 

Q.ws.pr.t.iv.m ~Mt; — Cw 

cubic ieet, per ton gross drawn 1 mile, tender not included. 

per pound of coke, in tons gross drawn 1 mile, tender indttded. 

Mv 
u. E. 1 ft wa = — -=^ 

per cubic foot of total vaporization, in tons gross drawn 1 mile, tender included. 

Q.co.fr.lHP ='-S? = 

c>o«axids, ^wbicb produces the efifect of 1 horse. 

^ A. 1 Tii> 62-5 S'' 
Q. wa.fr. 1 HP =^-- == 

Mtr 
«s«3l>ic feet^ which produces the effect of 1 horse. 

u. E.llb.oo. inHP = ^^ = 

62-6 K 
'^r, produced per pound of cM>ke. 

n.E.lft.wa.inHP -~ ^^ 

62-6 S' 
r«r, produced per cubic foot of iatetl Taporization. 

Caae of maximum utftU effect. 

y/-^ 1-8CH P ^_ 

1-421 + -0023 P ' / *</• — 
^ul effect^ in miles per hour. 

'ne, in tons gross, tender included. 

M.U.E =M'»' = 

tons gross drawn 1 mUe per hour, tender included. 

understanding as to the manner of eznreAaina. ♦i.^ j- -a 

sianner of performing the calcidatij^r^? w *^^?« quantities contained 

, wo -w^xk nere gr^^e an eoEample or two 

of 66 cubic feet of total ▼ancvizatinn ^* *\^ ^ 

-917 foot in diameter. strokV^rttTw^ i Jl^"^*^ "^ ^^ ^"^^ I^ ^^^ • 
plod, friction 108 lbs., weight 8 ton«.^lpJS^ a-ai'Y^r '•'^ ^'J? ^~** ^^*^ '^ 
toiler 66 Ibe. per square inch, aaShSinsmiitS^ 7.? jnches in diameter, to<a/ or 
.a of» a level railway, of a Wt 6 fST^dS^cS^ *^^« P«r ^^"^ ««» "«^ Sup^ 

«K ^^r^y, and let it be required to 



M« LOCOMOTIVB ENGINE. 

OaiiBeQnei[k-%Lm.:^^- '«;.1=^o TeaiaUnCtt ^ ^^^^ Air at the valocity ftwnd, of l^-^O naUeB per 

!L!L_ =47-00; 
6 

mbetltutuA^ -C:S:m^Km «;hU YaVua^oc^ m the formula, we obtain the result 

M' = 208-46 — 47-00= 16l-4«- ^^ will be the 

Ooi»equ«^:^«3?- ^lm« load of Ul-6 tons, forming a train of 81 carria^ee, besides tlie er, w 

maximuTacm. JL<3is^ ■ ■ sr-^»c|\iired. ^^ KI« of attaining, when 

, ,f *^ i"VJ^"-^' * ^ ^^J^ ^^"^^ ^ l™>^ *»»« maximum velocity t»»«f°£5? ^ ^^fi*^ as in the first case ; 
followed *>y m«;s «.«-ciaer only, and without drawing any train, the P«>^®?"*^J^* ?^^^xx>rization. accord- 
but 8uppo«i.^«^ «^S^« load to^be of 6 tons only, ^takfiig account of the increase of vaponza «i. 
ingtoth.^ -v^«»miC3«2:m C;3r', the result will be 

V =85'08 miles per hour. 

In this 1^A«; ^^^ nr m m-^^ «^be useful effect of the ennne, tender not included^ will l>e ni^. ^ cmcb • but it 

From ±13^9.^ .c2^«>s«^cailed ejcamplea is seen how the calcuh&Uon is to be pcrformecl lo ^J^ -Sfficultr and 
must be i-en3^^a.s-Bai»«=S, tbat with the use of logarithms, tbese diflferent trials preeent no sort o^ 

that tho»o w-2^<z» :Km«9.^e once grot the habit of these researches, guess immeamtely Ma aj ■tJK*"*V^S^ti,^ 
l^umbera tb^^^ <=>«_a^Sr^t^ to enaploy in the approximations, so that the apparent len^Ui oi ine «?»«-««» 
entirely di»a.^:^;^z»^E?«a.»nB. ^«w^* «f the 

Collecting' -O^^ x-esults wbich we have just obtained, calculating moreover the useful ©"S^'J^ ™ *^ 
engine, ana ^^^:g^m-^»&&Mng it nnder the different forms already indicated, we f<Mrm tlio following xaoie- 

Effeet9 of 4M. ^^»^c«>»»»<><«w of «5 cubic feet of vaporUation, vfUh a load of 56 *o*as g^a—t o»» « '*"^» Under 

ificlttded 

M =56 tons f^ross, tender included, (10 carriages and tlio tender 

y .= 26*10 miles per hour; 

u E. — - ^ 1411 tons groBB drawn 1 mile per hour, tender indndodl ; 

iLE.inHP'- =28horaes; 

Q. ca pr- t. j[»xc-- xrKa. = "47 lb. per ton gross per mile, tender not included ; 

Q wa. pr. t^ JF^*^- XXX. = -052 cubic foot per ton gross per mile, tender 7u>i included ; 

u. R 1 lb- oc»- = 2-86 tons gross drawn 1 mile, tender included ; 

u K 1 ft. -vrw^^ = 21 -70 tons gross drawn 1 mile, tender included • 

Q. CO. fr X 1g^ :K*- = 26-50 lbs. ; 

Q.wa fi- 1 '^^^' i*- - = 2-880 cubic feet; 

u. R 1 lb. c<3- ixx :H: F»- = -088 horse ; 
u. K 1 ft. w»- XXX H: I*. = -847 horse. 



M' 



V 

aE. 

n. EL in B P: 
Q. COL fn", t. j> 
Q. wa. pr. t. f 
u. E. 1 lb. <». 
u. £11 fL ^wn. 

Q. ca fr. 1 S: 

Q. wa. It. 1 

u. E. 1 Ih. C€>. 

u- El ft 






Maxima effetU of the same engine, 

lCT-6 tons gross, tender included, (81 carriages and tender 
1 d-20 miles per hour ; 

2e 16 tons gross drawn 1 mile per hour, tender included - 
42 norses; ' 

-a^ lb. per ton gross per mile, tender not included ; 
-026 cubic foot per Urn gross per mile, tender not inoluded 
4-88 tons gross drawn 1 mile, tender included • ^*«««« 

40-26 tons gross drawn 1 mUe, tender included • 
1 ^'29 lbs. ' 

1 -668 oabic foot; 
-O70 horse ; 
-^^44 horse. 



o 



To giire 
way, and s»ee] 
the same drc 

We will »ti 
hour, witb tbc 
18 inches or 
hiast-pipe, ^'\ 
Oooaumptioo ^ 

over, by 

loo 



JO 




.le of this calcnlation, we will suppose the raUwaw 
MB the velocity of the epjrines of 'S^um foroe^Tu 
^e have just examined relatively to a railwayof aln: 

^ l^'P^^^* <»^,.120 cubic feet of vaporisatioSfiSj^ 
w^anoportions : cylinders. 14 inches or ri'7 foot i«^s 
^lieels. 8 feet in diameter, not ^upled • weSrhi^T« 
„ ^i«neter ; total or absolute pressure'^^ the iSI^^^ io 
^j,^ ^ame time, 1060 lbs. or 8-76 lbs. oer cnKS-rVJ^f ' 9 
,^tfa of the way, we wUl take Uie^urfac^ of tb^J "^^ 
Ir-*^ .urf.ce of a wagon at 56 equa;;"^ef a^d^I^^:: 



Ha^e 7 feet of width of 

» on such a line, under 

5 feet of wridth of way. 

velocity of 25 noiles per 

ter ; stroke of the piston, 

tons ; friction, 270 lbs. ; 

11>^ per square inch ; and 



calculation as before wh^f: Aib»*» *u- 
, grro-, tender included. which^^«o*?«*°« *? capable of 
um load, we obtain the followi^^„fte : ^»>»«wit the ' 



-^t wagon of the train at 
ei^t of the tender at 10 



^V nrst 

; and after- 
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LOCOMOTIVE ENGINE. 



Stroke oi 



DiametesT 



mfo^ 



rliwHj in feet. 



D S 1 



^=7k-^'-5(^^« + ^> = 



Square 






i-h^ = 



F — 2118— J>'v' 



ketor of the cylinder, in feet^ 



^==(l + a) 



etiokeoC tl&4 



, in feet. 



D 



(6±iir)M'd=y»« + ««^'4-y-qr5 



Diameter of* 

being applie 
by pusninf sa. 
wheel to th^ 
wheals turn ^ 
and the eii^% 
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it must con^' 
feared ihik^ 
would be 

Adhesiof^ 
for an eng^ici 
and its %>oil€ 
which 

to cause a ^ 
gether ; for-, 
the eng'iiscsy 
engine, tlia^ 



£> = 



'laeel, in feet. 



d^l 



P 2118 — p* v' 

P 2118 — p' v' 



• ' — ^ w 




then be 

It is nee 
which tliejr slm'^ 
ao as to eoa.l>I 
The enorixioufii 

itB«l£ Si^- 

cause it oftera 

extreme 

immediatelv 

be taken Jkt ^ 

■when thex *■ 
For the 



and to wlilcli. 
derfui macIiiK 

form of loconca 
land, a firm 
for the eaccelX^ 
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lias been observed, in the description of the engine, that tHe «^'*,^^.*^td^^ 

«.la«3 wheel, the engine ia precisely in the case of a carriage -wrbicli »«/"**'® J^. *"„ ^ ^he 

3 9i>okea. Tlius. as in thw action the only fulcrum of the mover is the adhesion oi loc 

l9, air that adhesion were insufficient, the force of the stea&m would indeed ™**«.™; 

±, ^laese. sliding on the raiU instead of adhering to them» would turn without advancing, 

uald remain on the same spot. •«fMie« 

XM^ erain to be drawn, the more force the engine must employ, and the more J]^*™^ 

^wM±^ly meet with at the point on which it strains to effect the motion. It ""«?"* *7®P?^ 

» tirwa,ins of considerable weight, the engines would be unable to advance ; not that Rwoe 

<f:.iE»^ in the mover itself, but m the fulcrum of the mover. , ^ ... 

^s^2^> iacliepensable to the creation of the progressive motion, t'w^o <5<»iditMXis are requisite 

\>& capable of drawing a given load : 1st, the dimensions and proportiooB of the engine 

vkst' eraable it to produce, by means of the steam, the necessary presaure on the piston, 

elB«s force applied by the engine ; and 2d, the weight of the engine must be sudi as 

dlaesion to the nub. These two conditions of force and ^weight ahould accord to- 

-<3 a great force of steam and a slight adhesion, the latter inrould limit the effect of 

d steaaira ^vould be lost; and were there too much adhesive Tveifi^fat for the power of the 

mid, during the motion, become a useless burden, since Uie limit of the load would 
t pressure of the steam. 

^^^, gkyre^ after having determined the dimensions of the engines from the cooditioiis 

fulfil, a«* lias been done in the preceding pages, to seek what ought to be their weight 

draw the greatest load intended to be imposed oo them during their work. 

given to locomotive engines, generally causes this condition to be fulfilled of 

1 erEg-iD««» liowever require, in this respect^ more attention than four-wheel engines, be- 

, an uneven railway, that a six- wheel engine is wholly supported on its four 

«Ae middle onaj, which are the propelUng wheels, hein^ accidentally situated 

^art of the rajlway scarcely touch tlje rail, and therefore have but a slight 

.te of the rails the adhesion which is the limit of the traction of an engine, may 

^.'!^*^ T*"' ^ /^** "^^^^ ^^ ^'^'^ aV ^ the worst state of the rail^ 

a dirty from the effect of wet weather. 

xjlatioDs and formula we are indebted to M. Pamhour, whose works on the 

,^ve and stationary, should be in the hands of every en^neer and machinist, 

:refer f«^ar a more complete elucidation of the Uws which gov^ the moti^ of this woi^ 




pansion 

Tlie engio 
axle and ou 
mg and for^ 

feet 







^.^fuUr.—The example which we have chosen for detaQed iUn«trAi]<wi is the 
. and tender at pre^nt constructed by Messrs. II AW^^a^^tr ^N^^^^ 

\^^^ a.e high Bp4ls; the same am^t^ SSTbS^'H^""^'*^ *^« greatest safety is 

^^ ^oed t>^f^^^ t»>e fire box, with Xs addU^^ 2^'°^ ^""^ ^ ^^ ~«*«^ *" ^ 

^^la inav, by the present disiK«wSiW^^ ^^^ *»>« '^^^K*^ ^^ 

H^ti4^o will be found exceediuKlV^^iX^^^ to any convenient distance. 

SS aa^iiced or passenger traii^at^i^^^sS^ P'^T??*^*^^"*^ •dapted both 

«Mjr apeeoa* ^while ft>r ezpreas or apeciai 



LOCOMOTIVE ENOIlfE, 



Q of the engine, ahowin^ th« ioteituU miriywnmnta of the boOer, and 
■ ^e«iiooil did '^i' JL 

^*^tiitW lis g^»i_ , "V°^. with the cjliadric^ part t>t the boiler removed, for tin 
^*^ tmagetaeat of the -woridiig porta, and the cooetructioa of iIm 

td, Bbowiiig tb« cctMrtroctiaa of the fhuning, dng- 



,^~TuE?S«°\r,''^'^- 



fa 



i>11(xwiv>] 
!a09, mJa 
■eio, n ' 






;,; «Jrtho ^ M^^.'^.*' tntoive^e .«*!«.• 




m^-tioi, and of part of the aaber «prais; fV- 
«^S]e weight of tlie engine on the epringe ■ Kt 






^"■;^P'K- 2687, apUu of tlie br»ke-leTer «n<J 

■ — ' 'til ^^^ enj;ino which claima our aUention » 

■r-n have adupted la clearly shown in the eod 

d^TODHists of two parts: the externnl fire-bcuA. 

-»» water to about fifteen inches from the top; 

-wbich contains Iho fuel for genemtii^ dtenni 

t»«Iy towarda the top, (or the punHM of alkiw- 

_^^_^, «cend more treelr. To resiat the downwmrd 

•S* _^_- ^r-— '■^?°*'''^»t'lB-irooBt«y« COlxdtedBCTos^Wid 

'^^"^ ;^-.«»d "iternal fire-boxes ara secared ■gainrt th. 

-.•«^^^*'''™ thro„Kh both boxe^ and riveted at ea* 

, -»=j<»» "»■ too admiaHion of coke. It is of an ot«I 

=5, :MJ-t«'conv...ii,ence of openiair and shnttinK. TV 

^.^, fire-door u, Bituatod i. fiuSd by an oval-A»ed 

-^.tselliB tumi-*hed Twith a plate of irno rivetod to 

«—""»" *y^*"F **y '*»« intenwtv of the heat *itJn»- 

;^^ «. Mid iQ the plan Fig. 2«06, >r« nnged panUd 







ura on (be eununit of tlie extenul fira- 

^ sjniraetrical with that of tbe large diio- 

^^=»Jled Ihe Uvtr Ma/ety-oattie, can be rcgo- 

" °*ing furnished with a. tprin^-balanee^ 

^ther safety-valve A is inaccsBsible. and m 

be cDOBidered safe, yet liigher than tbe 



"^^y ba« 



^l=« 





=^"s.i s.-4^- SKTS.^ 



■|V-r^ai 






Lt^usted the hloti^^jr 

-" "hinra „ ^ig^ BUM i3 



LOCOMOTIVE EJSa- , 




le 8mi)ke-box, rotthepiirpoMof Wing iiC^=:,^;-^.__*-«-"kB of 21 inches. --:--' " . , 



">ibS^?™n."' ^^ 2616, »e??, sen. me p 

.^3uvuiu wedges b" b" fi.i^j ..i_. :... .i 

iptings 



"^J 



At thcMC pointa 



=". whidi .1 



- pipeT iQ the orifice of -which is P>»ccd 

U» ^'*^y^^^ ' *^ ■«<' «m„«:(,^ „ . ^ »f wds and 1 -^^ v «|^ al^ miirked « v. an J termmating new 

cine. ■'^^.^'^'IcIearlvH'f'''"''' "*« P^ bV™?"!'"^ <J^**«=»-ibed the internal Bn-anBementa of the en- 
"^ *yi*r JBet*W,K'''""'='«d. in SfZ.— *" moti„«r» i« communicated to tl.e wheels. Tbe»e «« 

*T^ "-^ tura. ger-' ,t'*"^./^iw,,,w" Trr?"' fire-l»«r.:»t , «re U.lted the ft.ur Etroog malleable iroo 

^to »t^uc^ -^ve thop,, of^;^"^'''';^^ b*«i J«^* i»np«riing groat atrengtl. «i.d rigiditj to tb= 

Yf^iA trull^ -O-liQdriV ^"^ """ =•»!» ^r f, ^ P"'"**" -=- ^ ^ekista..™ f..r the bluings of tho workuw 
»^^«.tt*^ '"*«m ""''««<>oth..?H„f,t ""^^ t»>.*=: _,:»i.<ton-r.«lH PP. These are made of Bteel, 
te™i«S^ *='«*bv^"''"^'"<li«tedinu"^'!'','''?.'"'''*-'- -*-«^24 i-ol.™; tl,«.y are fi.ed into the pi-ton 
■re benriris?? *T tlw * "™«b«nd Q' J„ .r™'' ^'g*. SlCt » .C3. . -fieifl.and at tlio oppoaite extremity tbey are 
«h«Bc l>earT..trB,ap-,V"'''''^''<'*oftl,» '*^'^*"'''«»^» »» jv a otter. Fig. 2«18. On tbcBe cro«i-bead« 

The K"i<I«-t>»*«l<a n£''?l'*"nff anna in,^?^"S-''°<'8 C* «-=*. :=. «,nd conceiitrifj, aud of the »«me piece with 
»lw> M^rteJ "«^8„;'''™(.dwit|, a,~™'''"^»lliecaBl ir-_-»-» *^uide blocks «. to. FigB. 2618, 281», are fiUed. 
•Itol «nd,„ tj,^ »««,^ !" *<"k Bmood"?*^ "I"" ""^ accu --..«.■«_*= I V fitted and grouild into steel slide bws, 
-«"r«d «^i„^ By u, P^n«,,th ^(,e ^„,^ ^^- ^,,« piston-rod*, and are firmly bolted to the 
■* -"^ IJ.„ J "^neciion or „ f ""^''od* are .«=-r-»«-» strained to move in a rectilinear direction. 
"'"Wfods_ in" kL^'^''' "'i*'"^^ *"«— ora the continual change of position of the 



the p«tt^"c^,er •rf"""l'."^'^i"rtaWe by Bet-- 

„ . «^-^- »" j'^t^ to the^ -^^",'*''"^ w we ftlw th.^~^ ^J 

W*»\-*iVi-^ ?^""".'>^tl»> Aimne, X, "^'K* or blast (^ ft -^^J^ 



ilJVelj^ «tl«oI. " 



™°°^tJna 



r plun^;^ ^S.fo,„, "owHence to tl» 

tar to the c-iwa-i, J* Pariai- ,* '"Pplv -,r 
t«diM>al «oti„„, P^V*' '<'*-'rZ^;r-^ to the b» 
boit« p.^inK "^^2627. ^7^^P^. ^t"'» each fi . 
«te«-. and «^,^J» ^^"'o p^^^"'^ed o/^'^^'flal 



rolutiuD of the < 



which thejr we 



the line of the piston-rodi, 

. X, flrmly secured bjf a cat- 

if which is fully shown in the loogi- 







J /""S .1,;?«11 cock, - 



'««fc.>^ 



. '''9 D«1^P°° **« ai,. 'foj"''/ J*"*^ ^^^=r^ — 



""•"^'^S 



brought within reach of the engine- 

^wbetlier the pomp U working efficienUy. 
Hf^xplumed, to the crosn-heads of the pistoih 
» ? j^r"P-''- B'hs, and cottcra, properly secured 
..^h^ in the eamo manner to the cri.ka R H. 
w»nde of the beat forged iron, the cnmks being 
■^ MigleB to Oio other. In the earUer stages 
«or inc cranked ax\o upon each of the framei 
^, inncluQery ia nmch amplified, and the frit- 

^*^7'J^''''"r eccpntricB, two for the fbrwari. 
:^^»d ilimenaiona of these are ehown upon m 
=* 1 ... *'?,<=l«''ard eccentrics, but wbiti, wiUi 
-^dVf> "Lu -K«,ch eccentric ia formed in halves, 
^^*' „rj .'mmovubly together hy the twu 

^'^■'f?'!- ' ■ ^'"^ forward ec<*ntrics^for botb 

^ *•■[*». ''^ ''^^^ angles to tli«Lr re*pecli«e 

"'^ the position of th« b^LCkward eaS.tn« 

^3.0 m a aiametncally opporite direction. The 



<3HNE. 



*. It » then secured to tne n«» "ij 
Xing.. The BP«?ff.,^!it:lJ„& in Fig.. 



. i5n»uu»«j^^-~--^ j^ j^ place toy » ««»" 
iing-hoop o '."^^j;;^™ ith » tail ptf^ecting 

r^^^y'^^^and fitted to ro^ive ^«^ 

rr-he^eboxes are formed witli » «ff^ 

^« thrnibbing surfaces by two smaU tab« 

t^fcer rubbing parts of tlie engine aretota- 

«pring« are attached to the e^V^'^^JSTS 

•\^e ^nff-lifOcs, and consist of a 8R««e8of 

::>xighrSe plates of the eirternal fr^f^TK-^ 

«Si8 of the springs 7' g'. The nut • w«to 

/fc may be thought expedient to throw upon 

»amB W W, extending somewhat beyond the 
t cross-beam or buffer-bar Z, and behind by a 
.sms are firmly lx>und together at the coinen 
- "eight of the t>oiler is supported upon them 
riveted to the boiler, and bolted thnwffh 
?-o parallel plntes of iron, cut out into the 
looting down^w-ards for the lieanngs of tbe 
M3ned oftk is interposed, and the whole firmly 

it is provided with bv^ere^ s' tf, fixed to and 
na species of elastic cushionB, formed of ^o"f" 
:aened by slender malleable iron hoope. To 
L wi^ in contact ^with stooea or other obataiaes 
1. ^with strong malleable iron Bt^e-gvard* f r, 
tJi.nce of e&dtk rail, and so formed at the points 
c=> oollision. 

cii<J.er8, ^whether from the priminff of the boiler 
^^r<3d from time to time, "would be very detii- 
^f the pipe and stop-cock tt, communicatiiig 

»., is fixed a small bracket for sapportiiig the 
-proach of the engine and train. 
:rji.nd his assistant, hand-rails to' to' are erected 
^i,long the w^hole length of the boiler, so Uiat 
-md the engine, even ^when it is in rapid motioa 
^6 hollow, and thus afford a neat and compeet 
t regulator on one aide» and the damper eo 



^ilierwisic escape at the safety-valve and be 
—neater in the tender. This is accomplished by 
made betw^een the steam within the fire4ias 
:r fuel is found to be effected. 
^ 4jans of the strong double link or drag-bar y ', 
:^xed under the foot-plate of the engine, whue 
^s of the tender. 
^^ foot-plate, the foot-steps m' «' depend on each 

, is engine is composed, and explainiMi their aeT- 

-to occupy more space with an account of its 

-that of the ordinary high-pressure ei\gine, and 

>mn9 will be perfe<:tly int^gible. 

,^« concomitant of the locomotive engine, and as 

-^ for the display of tasteful design and judifiooa 

^T our engravings more interesting and more 

s water-tank A A forme the principal part oi 

oiBtem, capable of containing 1200 gallooft of 

w-i.th a long recess B for the reception of the 

pe downwards from the front of the tender, by 




CUNR 






between tlie groovea arm*«. 



','ltU-hafUs «.d rods for regulating the 
^SS^&U. between the grooved ««. 

" *h^hoUov epindles attaaied to 
«ilie expansion Blide-framea. 

»ie outri^'^r^ks and «<^P^-!?^ driTine- 
«he fore-wbeels coupled to the dnTing 

^lie hiod-wheela under tl*^.^'^^^, ^ .««ir«l 
springs for Oie ixiBide bearings of the cran»e<i 

^^^ Springs for tlie outside bearipgs of all (lie 

"^oonectin^-lioop for the outaide springs of 
cranked a^e. 
-C^Jie axle-boxes- , • 

^ -^^ pins for skttadiiDg the springs to the axie- 

^^ cast-iron guides for the axle-boxea. 

tlie spring-linlEs. ^ , 

tbe nuts for suljasting the weight upon tlie 

mngs. 

» de external frame of the engine. 

stays fxx>m the external frame io the 

foot-plate. 
l>uffer-beaixu 
.e buffers. 





:^».e safeguards. 

^M, cock and pipe for letting off -water from the 



xkciers. 



^ signal-lamp, 
-^lie hand-railing. 

ipe from the boiler for heating the water in 

tender. 



drag-bar. 
e foot^-stepe. 





Dut and link for connecting the screw witii 
l3rtike-lever. 

short shaft carrying the brake-lever, and 
double-toothed sector, working into 
Se longitudinal rods carrying the brake- 

^jpports fitted with rollers for guiding tlie 
la kic, 

the wooden brake-blocks, 
et for connecting the drag-springs to the 




^lie springs for buffing and drawing 
tDeannga for the sprimr o. 
-tlie safety-diains. 
^Ine foot-steps. 

-Imjindles to assist in rising to the foot-plate. 
»- lunged plate between 5ie eneine and tender. 
^ l3uffer8 for the tender, 
.tf^rag-chain of the tender. 

s^yi^^^^^ ^o»-*:.— -The engines of English in«D- 

■-3Xt or importing. M,rere not well adapted to our 

order, x his occurred in some degree from the 



f=:*sr< 



a mdintta of laiUtnU 
B-boi, tad bolted kJbo to tlw 



^^■engxb of ootmecting-roifa. 






==»src 



S_^^*> on the bottom of the smoke-box. 

'^^S Ok weight of the engine apod tlie track. 






LOCOMOTIVE E~ 




DP to it "^^^^SLa 1 



^lide-vidve rod. ^ >l«-ffiDsr-«l»»'' ^ 

*he wcentrios. formed in two hair™ bolted *-— " - -* "" **^ <in^"^ 

„ ^t-ureWH. Sco Figs. 2844 ind 4645, 
3, eccentno-rod&juneo. formed with oai. or 
^ ^ the i8lye-Tod levers. " 



- a the 



be aeen 



It^A' 



*^*^ ^Mwkets 6jc (he 



V Vt»^ ■»--*•»•*'*,'" "orWng the sli»n i- 



llmta^h^dl,^ ,^ ^ ^^ l^_ 



aof thetravi 



o; **^«'' pipe* firon tK *^ "^ «i fiju.k -•* lovo- . .s 

<i» Jf'je-ww.' .■; - ^ zz. 

i~ *> "^j-iMr - - ^ 

^""^StS:^::?;::::: •-::::;:■■■■■::;- -::- -z^ '■ 




rking tlie eccentric-rod &»»>«• 



' to the framo. 



"W"Vi 



.OOABITHMS. 



' ^^^ in whicH tne i"'~**V ./^^u-XT io wWch equatiou .* « « »-; ^z"- r-r-^ - — u- 

»«*^JY- iftftO In general, if ar==^9 *"„u^ether Dositive or negative, whole or firactaoD^L m*/ ** 
SSm ofT Ail fbeplute "'"f^'^^^lSle pe«. •n.^SvarkWe number i. X tb* A-* 
^ bTr^ « invariable «»»«ber to ^^^^^ Wtever ereater or W thw ui%; but hmriog 
«-o-etem of logarithms : it may °« »"i^_ t^e fonnation of all numbers in the aame sntem. wo*** 
»3o choeen, it mu8t remaan the BMoe »^^^ logarithm of tiie base is 1, and the locaiithm of 1 f *>• 



rater may be selected for Ae b^, ^^j j,^ have a-^a, whence, hyXdefinitiou, k« 

if in thi eq'^**^^ ^T^'S^e 5^1. whence log. 1=0. 

a<a if we ««»««*=".• i!ir„^!r„f verv «reat imp<N-tance io £icilitating the aritfametieil oper*- 
properties of l<«^^°S!i"* For if » multipB^tion is to be effected, it is coly neceeaar; U> 
multipUca1s» and -°»^^, jL^»i,,na of the fiustore, and add them into one sum, which gW«f 
c ^l°e»^*^'°^J^%^S^^a on finding in the table the number oorrespoDding to tin* 
i*hm of the '^'^JSTToh^^. Thnsty means of a table of logarithms ithe7perati«i 
^jrtthm, the P~dnct itodf » "^^"^jtioo. In-^ike manner, if one nunTber is to be diT^ded by 
;^X.catK« "P^^^'^^b'^t the logarithm of the divisor ftom that of the ditidend, and to 
r&'^tSlJ ihTS,!? ^SSJ^^n/fo.this difference, which number is the quotient required. 
^ quotient of a division is obtained by simple subtrartwa . _, ^. , _^ ^^^ 

T^r^ms apply wiOi equal advantage U> tfie formation of powers and extracUon of roots. I«ty 
*^^^to be raised to the p<wer m. (tn bemg any number, whole or fractional, positive or nega- 
bcfore. we have «=«' : and, on raising both aides of the equation to the power m, y-so-*: 



- ^ the definition, log. y-=m x — »n log. y ; *1^^ 'f» **»« logarithm of the power of a number m 
^^e product of the logarithm of the number by the exponent of the power. 

equatioQ of log. y- = m log. y we make m = -. we shall have log. p" (or log. ^/ y)=-^- 

to Bay, the logarithm of any root of a number is equal to the logarithm of the number dm- 
r^^ index of the root. 

^l&eae two last results it is obvious that by means of a table of logarithms numbere may be 
0>ny power by simple multiplication, and that the roots of numbers may be extracted by aim* 

*" table of logarithms has been calculated for any given base, it is easy to find by means d it 

hflS 




required to cooetnict 



iC& lorevtsTT uiuereui viuue «>e y ui. uie e«|^ui»«'H'u <• -^^y, hiju uiai Ji; is requireu w wu 
i,t>le, of which the base is 6, or to find the values of v corresponding to every different 
e equation 6^ = y, we may proceed as foUo'WS : Taking the Ic^^ariwms of both members of 
tq^uation from the table supposed already calculated, of which the base is a, and recollecting 

»" = t> log. 6, we have v log. b = log. y ; whence v =p21i.. But because b' =y, it fiallowB 



log. A' 



garithm of y in the system of which the base is b ; therefore, denoting the IcgariUuns in tUi 

m by L, we have L y = /^' ^ . BEence it appears that, in order to find the logarithm of any 

ber y in the new system, it is only necessary to multiply its logarithm in the system already 

by the coustant number = -. This constant number, bv means of which we pass from ^ 

lOgf. O rf •^ 

the other, is called the tnadtUus of the new table with reference to the old. 

^n^ns of the particular system of which the modulus is 1, is called the Napierian gtfttm, 

1 been shown, when the log^arithms have been found in any one system, they may be trans- 
those of any other svstein by means of a constant factor. In the common system the base 
ne JNapienan logarithm of any number is consequently transformed into the conamon loga- 

e same number by multiplying by the modulus ~ This number, which is of great imr 

^^'J^P^^^^ of the log^arithmic tables, is found to be 0-4842944819. Ac, the Napierian 
I InJ^?^ 2-80268509. Ac It may abo be remarked that this modulus 0-4842944819 is 
y loganuun of the baae of the iTapierian system ; for, calliug e this base, we shall have 

whence, taking the ordinary loerarithm of both sides of the equation LIO X log. <? = log. 10 = 1 , 

^' * ^ Xio ~ ^***^®*'*® 1 »- On passing to numbers, we find e = 2-7182818284. 

^S^ ^^**'"!i*I!.!!S"2!!^^ f*"«*^ ^ '^^^-^ iogariihmi, on account of the modulus 0| 
^W^iLrll^r ^^«»«y. hyperbolic logar^mu, because they represent the arei^ 

s being of constant use 
Ihe most oompl< 
ty be procured. 

"s. CMet, Loganthnu, », gvo, lite Gardiner-i, contain ^logarithmic eines, 4«l, fit 



LOOM, POWER. 



ra* ktuched to O, which «omea in coatact -with catcli L, (when the fillnv Inak^) »'>^ 
-bandle Q oat of the notch id which it is held, and stops Oie Ioodl ^ ^^ 

B.p}>er-huidle for atoppiog and tXtating tlie lomn. 







LOOM, DOTJBLE-STBOKE. 



m »nd 2«68, plim and "ecUon of the brake. 

14 pUo ot cxie of the •huttle-boc«e«. , , , , ,, , 

-b^m. BB'B'B'B', frame of tlie loom. «*,nipp»to of the shaft of tb« dram o 6»l^ 

ghu of the frame by Betscrowo. C wooden drum, dd, bheka to pceNrre acpuate <*« 



. meo to the thsft whwih mniM the brake-puUej L, Fij 




_ .. ^ TOT C.^ <-. .-. ._.v.J ^' ••"• - 

- ,« principle c. im^ JT" ."J c»rds. were, at their ouier enuB, j"u>vu '■■ v,*^ 
^(f to operate ?""'r^ „„d when the needles were Rctei uimn by iN^ 



. -1 ,>f bema used "> "!«■'»" T j '„-.„ -nd when tbe neeaieB were Kciea u on oj ii»^ mm-. 
«Ub th^ Uve™ of ^l*' ^'^''^'' *'*ii W%V« to be opemted to lift th. dents «r« hr-.iw''' 
U wir« of "uf-h '*f,*''*,l!rt'^r -which cnrried them up where they were heli) by ''"; 
, range of motion of » '"c"^;f!^' then deproBsed, und then, ns the tsppeti on the b«rrrl 

>,„ -— _ ,^ ,«K described; the ['"'"s"';" —ere each in Buccession drewn down to (mm the series "• 

^'"ioff^ ^^^ri-*»»"«l. "lie l'**^"^ hooked dents -were 

"'^Ise';"^ ^■- . worked «o ^e"- *'»"* "^ y™^8 "nTsntor soon foand e«pit*l- 

V.!Jp*-. ^_ ^» --:»-^"'^''"?,,.^ T^,','^h the meaDB necessary for the enterprise, and n pafmt «m wrared 

'^^^''^fc— '^ -^^ " ■" '"^the U^t'd St^t^. M the Bth day of January. 1838, and in England the »d« 

?nr t**-**^** _ ,^_i,K ™.rli«i to build three looms, theylopBy«certflinpri«forlheinTenti(in.botb<^ 

f°Lr- ,^_ —s-*^ * "^ . w«» ?Sfil!d on either Bi.lo, he visited tfew York, an/ there m- for the fir^l lime > 

T 0e -a. =- -^i i rtl" nt Bpecie- »f coon.erpnnes, then ju«t introduced fmm ES|Kland, whicfc fipra the eoperJM^ 

-„_e * _-_ ^^^X *^^- », - V, %^rceivcil miifit BOon oupeT»e«le the knotted counterpanes. Although being »l that 

^ ^^m*-^ *^* * t^uni^ want and stinounJed by hU its attendant privation, an.] lemptatkH.-, in^ead 

ts ''*■ ^ «^- ""^/^^^ the^fci^mei.t of his contract, which would have at once relieved h^, -ants, he im- 

^V\r^-^^-=*'C™d to-Boetoi.. and con.mnmca.e<I to the partie. what he hadj^ and l^Ueved. «d 

^[ pt<=*~^^ m-: ^^ -ni to abandon the ei.teiprise, as, >n his jii>l|^meiit, the new kind of fabric would be preferred 

e^*- ~;^^ -^::_»^»^^ t and that he could produce a loom which would weave it with givater fiwililj ihnn the 

■[r-'^^T~ bm ~^ .-L-ii could bo woven. Hia success ■!> his first effort of inventioD. and the honesty of 

vO *" ^^ ^— ; ^=^ ^T^.i i f-'ted in this his first business transaction, could not fail to inspire a degree of confidenco 
^WJtt*^*^*- *^^^^^^ »"* int^rity which provud of great advuntage throughout hia subsequent life, in bringing 

narp''^*^^-_S-* *■ ^r^rises to a auccesaful issue. 

loh" ^ ^"i:^ -^C^ '^^'^vitered into an agreement with the same parties to invent an autoomlic looiri for weaving- 
Jibi* *^_^ L ■ '^ -^^^cies of counterpanes, wliich was afterwardo produced, and patented or the S4lh of April, 
Be ""^^^ ^^™J?»»t '° Bucceasful operation. There are now Sfl of Ihuse looms m operation at Clinlvo, Maaaa- 

iiiB ""^--Ba:^- _J^^\\<^ supply the piocipal deroands of our mnrkets. 

\^^' S-CT - ' ^~^ ** had completed the counterpone-loom above described, he had inciden tally seen in New 

dw*~' . ^j -^'■"' operation of weaving coach-lace in hand-looms, and not having as yet realJied any pecuniary 

'^^ A^S-v. ^==™ from bia efforts, ha detemiined, while progn-ssinR with the new counterpone-Ioom. %a direct 

^ j'^nt^'-^^"'^^^^-:^** to the aubject of weaving coaeh-lace. With thi* view, he made inquiries of persons «i- 

»4'^t.o-""»'^^^^L-- ending this kind of fabric, as to the extent of the consumption and the cost of production, as 

^?ne<i »■"■ ^ ^3, aifficuUies of weaving it by hand. The result of hia investigation di-turmiiieJ him Xo mate 

^*^ii3 ^t-» ^r»-*. aniii^ilh the pecuniary assistance of an elder brother, he proceeded to the construction of a 

rtveat*^^*^*-^.^^'*^ -was completely auccesaful. So urgent were liis necesiiitiea at this time, and such wax the 

j^n, ■wur'*? ^^ ^.^ -which he puraued the aubject, that he labored day and night, xcarcely taking time for R>oJ 

,pJor ■w*''*-'^^ ^^.«id in the short apace of eix weeks from the time that he iraule tlie inijuiri™ above referred 

and r^^*^""^^^^ ■«Jie iirat loom in operation, and in three months after thnt, another and more perfect one, and 

to, he '*»^*'— ^^, a-fc;e capital under his control for putting up a large establishment TTiis result, wlien we C«i- 

tb'o re*l*^ "" -youth and inexperience of the inventor, and the peculiar difficiilliea of the subicct, aeems to 

aider *-■ *^^^ ^^ **" P»™l'el in the history of inventiona. 

ua to *"^^ ^ „- ,j«re on coach-lace is produced by raising on the surface of the gmund-cloth a pile Bimilar to 
Th*5 ^^^*?^^^^» »« carpet, formed bv looping the warps over fine wires, which are in-erled under such of the 
lh« '^^'* ^ — »:»»»'« ^•™° selected by the jacquard to determine the Ggtrre. The wariw Hrc then woven into 
w»rp» ^JJ- <»' "* cloth, to tie and fix the loops. The wires are then withdrawn iind re-iii'crted. Auto- 
tfae «>***-^'^V-»-*='*^'^ T I '™'""=' "■1' life, grasp the end of the wire, draw it out from under (he (iirwar.1 
taa-t^'^ 5^r^a.»~'^-y J ,u "^''"™» "'« lathe, -where the warps are spread apart, forming what is called the 
J(K»I-»-_^^^ -:* -^ ?i^,l!r^ '?.'^"'^ ""^ '*™P ■'■ '•*'* t*"* "^^ "'y •* ^If^a ""d openeil. that by the throw 
opon^*^*,^tt'«-^«'5"li™ads, which are to Ue and weave the warp^tbreaJs into th.- cloth may be 
of t-ta^* *^^;^^ toy the reeds. The pioccra then move back to draw anolWr wire from umier the fomwd 
"" "*-'P*" ™^™^? operation, several such wires being used at the same lime in the cloth, to 
1.™ from beuig drawn out by the tension which is giren tc the warps to insure an even 
- ne «nXt°,?'L5l^''' **"* '^ *^^''* «™ a ""'"berof the!e ,vires woven i^o th. cloth, nearly 
»h1n^ of ™lv ^Tl." '"«*'.'"■ °f ffreat diiEculty to contrive a mechanism which would in- 
:^ Muld .^i\u^ .1 u*' ■*'":?" '° **"'■" '* °"^- "<• »«'ee' *»>« P'OP*'' ™c "t *'«-h operation. 
waTover^ST^ '^ ■"""'** " ■"'TO'', ""d "ofk »o accuMleh! as to insure thU. This 
7X^1° Z^^^ ^ingenious nie<*anism placed on the opposite side of the U.om. which at 
toe^PM^hv^tl ir^ "** VZ' t"** P"*'*' " ™" »"fli«ently {«■ beyond the ends of the 
i^ ^r^ ^ "" ^"'^"' ""*=*' *^" '^"'« if ""t •» ^:- it back and introduce it in the open 

^^^^« *»»- cl<>tKanatheja™uardwhi.h p^^u^"'^:^"::'"™'"'"'™ 

:r^T-*^^— -t in^TZTSSuTeV^S? „7X -f'"™'' ^T thi. inventi«., and there are now in one 
""^,^^«-» «* ««>■ tl"!" WaaTm Buccesrful oile™.?™ V.r n '"?°" '" '""^^"•'f"' operation. 

^^tZ^^-B-^ « """e before reJo.^eTu.dJ^^^.rji.**'' ^'^''™' ™mp'«ed hi' "iccod oounterpane-lo™, to 
^^^■^^^ ».i^ lngoi.uity-I?,aTad T™ ,!!red f t. ^'' "™"P"^^ '^e first purp*e which implied him to 
^^«3 »^«= '**•»-'* ^"'"■d much irreatcr nltrrtctioii ■ 'V""* "' ^^pi'tiifT •■'' "edical studies. But by this 

?:_, ^fc -wm^at one for which nature hod „_,..,!"''"'. """.'^'"epr "bicb drcumslnnces had opened befcre 

»"" manife,tij. intended him, and lhen?f,«'- Invention wis an occupy 
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, w v*« oljtained in the following ^^' ^J^\e a^^ 
« «nrface for the clotb ^® ,^ ^ " one ply or cloth to the other, caUW ^ ^^i^ 

'^H^Sv t^ S^e^l and depenSing^ o" ^^^^f ^ ^^^^ ^ footer than those le98 lDgi5}ned,.»«^ 






, J- J ir^^^i A.11^ overcome in the following manner. Each warp-thxc^o 
ipoBsibility he did eff^"|f *^ ^ mail, attached to a card auspended from the iacqoaf*' 

^. , passes tlirough a ^^TP.^f;"^^!! the weights being equal. Tte two trap-boards of ^^ 

<^ard has suspended to it a J^^^^|^^ other down, and in these movements they catdi or trap 

Doove simultaneouslv, one up ^^ ^^ cards) as are required to bring up the proper varp- 

^-B cords (determined ^*^X^^'^^e leaving dowp such of them as are not required at that 

each operaUon ^ ^"^^"^.^^ ^^jyy^^dB are on a level, and all the warp-threads connected 

operation ; and ^y^^^^^Xthose not connected with them hanging down with the weights sus- 

,n a bon^ontal l*"^* J"^ jhT weft- thread which lies between the warpe that are in a horii^- 

^TiSe time e^iSng^a force on the weft-threads previously thrown, and beating them up 

Yhe warp^tJireads are all connected at one end to the woven doth, and at the other with ^ 

llowB th^ those which are hangring down in a bent hne with the weighte suspended to them, 

^ a irreater proportion of the force of the beat of the Uthe than those which are in a stnught 

% aU the wip-lSreads in succession take this hdtong-down position, and aU of them bive 

«i«ht, it foUows necessarily that each warp-thread m succession receives the same pull at 

^ Uthe beats up, and that therefore all tendency to irregularity in the length of the warp- 

^en up by the ingraining will not tend to produce an irreguhir surface, but, on the contnuy, 

' of the cloth will be as smooth and even as if all the warp-threads were equally Uken up 

^iiig of tl>e doth, and were under a constant and equal tension. 

\^jxie time he accomplished the making oi a jgood selvage by a mechanism which handed in- 

■^^rwing the shuttle across — ^an arm carried the shuttle half way across, and another there took 

ri«5d it entirely across. By this means any required degree of tension could be given to the 

\g^& a smooth and even selvage. But although it accomplished this desirable object, it failed 

i-fch sufficient velocity, and thereupon Mr.^ Bigelow, nothing daunted, renewed his efforts, and 

suiother loom with the fly-shuttle, in which he was enabled to make a good selvage by a 

-which gives a pull to the ^weft-thread after the shuttle has been thrown, and as the lathe 







ings us to our main purpose, the description of the loom as it is now worked, with all the 
ents which have been made in succession from the commencement to the date of the last 



e 23d day of October, 1849. But before proceeding to the detailed description of this loom, 

e -well to state that the improved method of producing figures that will match, which makes 

^is loom, was invented in 1844, and patented on the loth o{ April, 1845, in connection with a 

-weaving plaids and ginghams, v^hich has gone into extensive use at Clinton, there being now 

^m in oue mill, and 120 in another. 

i.tion to the various important inventions which have been enumerated, manv others have been 
Mr. Bigelow connectecl with the details of various kinds of looms, and for drying and stretching 
^a printing warps, some of which have been, and others are to be, patented both in Enghmd 
i:Bis country, and which are nearly all of decided practical utility. No one man within our 
5"*' either in Europe or in this country, has given to the world so hirge a number of valuable 
,^ as Mr. Bigelow, and inventions, too, evincing not only great imrenuitv. but sound inductive 
#" the highest order. ^ ^ 

•veutioo for weaving ingrain carpets, taking it from the commencement, through all its stages, 
Vb of the last patent, consists : » © 

•pemting the trap-boards of the jaoquard in a power-loom simultaneously, one up and the other 
^^tl^nf^T*^^ ^"^ alternately as in the hand-jacquard, whereby either the Ume required 
^afti^!S^,f ^^J^^u""'*'^'' ^^^ velocity of their motion is reduced; the former admitting of 
*K «^hZr! ^^^*^**'/ **^®"' operations be accelerated in the same ratio), and the latter re- 
«»tch M lS«^ year and tear. llut there are other and important advantages incident to this 
K^^i^ Buftl!n?"f ♦*^!i.''!I^^* **^.^® harness, which in a jac^uard is considefable, for that part 
^^^^^^^i^J'Tx ^««^«»<1^& trap-board balances thTooiTesponding harness suspended 
-.JJTa e^S^an.?^ ' J"* equalizing fiie resistance to the moving po^r, and rendering the 
;^^t^ c^nn Jt^rj^^ ♦ ^"^ «4^ *"«^«^ ^^^^Se «. that the teatof the laihe takes plnce 
i ^fiTwaTO^Tfn ttX^^ trap-boards have paLd and are a little crossed, and whilst the 

i^^l^tX^ J!^;^ • W^^^ **^* ''«• ^"^t <i«^ by the weights suspended to their trap 

i>r the fo!^'^*V? ^It^t ?u^^^ ^""^ ^^^ ** *^* epds aid bent Jown, wiU receive a great£ 
i™ad wh^ ^^tS! ^tion i^^.hS'^V '^^ "« *^ theVarps in turn take this position, an^ each 
^r^i^ U V:t.r^^ ^^|- Yff^^ of them eoual^pended to iU 

C-* -threads, no matter what miJv^ V?^ • • . '**.**^' '®*^*''® "* ®*1"** tension in beaUng-up 
i-l3eam. occasioned by the in^K^rit^ JfT ?° '*'• ^^" *a"i?**" **L^.'^T'* ^*'^ ^*'^?.° *'^****' ^ 
.»e of the most impoJtant advlSrtei£ ?! „1*"'^'?'"*- • ^^® pn«^cal weaver will appreciate 
^tioo and aelf-adaSation to the i^^ i weaving ui^amcarpeto, for it presents a principle of 

r ^ *«^'^5guJanty of the ingraining due to the h^ure never before 
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alikfl or KhafU below to the pickei^-fltatf »nd tie appantoi for Bhifdi^ the slllA^ , 
»e ftitBched to or coonected with tlie pbuttle-boz rrainei that Tibrate on aies jboH. TOW ™' 
I ^mmBemcDt the motions are derived from a shaft or ehiils coincident with or 06^ S^-O'i'^ 
■ on of the pendulotw ftaiUM that oarry the rfiuttIe-boxe«, instead of belne below »>i™ *" "LfL 
tx^ greatest motaoo. ^> "=io",wn«re i^twx* 



enable thTTI," j''^*^''* Oiii'Z*^"^ — '"™ 

"■ «»o ioom aaoot -i^ "iresda, or to 

^^ "'^-J^ b, .^pfd 
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MiOROpCOPE. 



Arr ♦>»« incoDTenienoe. r>r. Wollaston proposed a cjombination of two lenses, called, in cam- 
"^o remedy^ m^^eme^ i^^o optical part of which may be described bs follows: AC and N, F%. 
quence. a "^^""'^{^^j.^^^^^exi^tseB^ho^ocxiX lengths are in the ratio of 8 to 1, or nearly w, lod 
2841, are *^° J'^'^her tao liliat their plaTie aidea are towards the object. The adjustment of the 
placed ^^.^2Z^t\ie lenses is l^cst accomplished by trial ; and they must, accordingly, be so mounted 
aiBtoBCc between *^^^^^„iea at pleasure. A 6 is a diaphragm or stop for li^t&g the aperti»e. 



J ♦ «* t>trnuffh tbo ■t'v^o lenses on opposite sides ot tne common axis, they are anected oy oppo- 
made to I»~/JT;tb ^^^ <legree, serve to counteract each other. This doublet, when oorrectiy made, 
site S'T^f?' ^°*^. - to anv single lens, and wiU transmit a pencU of from 86° to SO** without any very 
" ^^eOTOTi Tbe origuMa description by Dr. Wollaston is given in the FhiloBophieal JVansactioM 

for 1829. ^ construction "Hata been improved upon by substituting two plano-convex lenses for N in 
J \^at the Diane side of the one being in contact with the convex siae of the other, and the stop 



- ; , 1 t t^jg plane side ox xne one Demz m ooniaci; ^wiin xne convex siae oi me outer, ana me swp 
^- '^^ained between t^liem and the third. This combination is called a triplet ; and its advantage 
• ¥ t the errors of the dou.blet are still further reduced by the greater approztmatioD to the object, 
S consequence of which *he refractions take place nearer the axis. 




amall, 

•*°'*f^me'hivinK'a rack a.nd screw, by means of which its' distance from the object can be adjueted 
™'Jh cairacy. liuTors for collecting the light and throwing it upon the object are also necessary for 

many purposes. 

3841. 8842 





CompourA rrUcTo^cop^' — ^^^ sunplest kind of compound microscope is formed by the combinatioo of 

two conversioir lenses, whose axes are placed in the same straight line. The arrangement of the 

lenses and the path of tl*e rays, 'will be readily understood from the annexed diagram. Fig. 2842. 

MN U the object-glaaa, vrhich has a very short focal distance, and P Q the eye-glass. A small object, 

« ^, beiofi- placed before the object-glass, a little further from it than the focus or parallel ray^ a re- 

versed and enlarge 

at such a distance 





^bt (rom every point, of the image a' h' emerge nearly parallel from P Q, and to the eye at E the 
Jfn^e « ' ^ ' is maJnifie «i» *^. ^^ ** ^®^® * ^^^ object, into a'^ 6", and appears at a distance equal to the 
•'""'ts of distinct vM€>r^, which, as stated above, is about 6 inches. 

^e mu^uifying nty^^^r of this microscope, or the ratio of a" 6" to a 6 is found as follows : In the first 

j?z^®» if we assume ^ _*** ^®?P^® *^® distance of the first image a' b' from M N, and /the distance of 
^ ' ' 1 - - - ^ gecond 

id/ the 
These two 

a" h" (tl " 

Proportions* bemg miAl^iplied together, give — —-r=z-r-\ which, therefore, is the magnifying power of 

^e microscope, it -tlm* am)ears that the ma^ifying power is inversely as the product of the focal dis- 
lances of t.lio two leD»^^» and directly as the distance between them. The magnifying power will there- 
fete be increased \yy increasing the distance between the object-glass and eye-glass ; but a limit is 
aMa\^Acu*ed to this increase by the indistinctness of the image, and, in practice, it is not advisable to 
nv»v iW aistance of «' *' ^^^^ ^ N more than from 5 to 7 inches. Suppose the focal distance of MN to 
wf i f rt inch, and tbe distance of a' h' from M N to be 6 inches, then a' h* will be 20 times greater 
fu fc and if tHe focal distance of PQ be i an inch, and the distance of a" 6" from PQ be 5 
^ * then «"^" ^^^^ ^ ^^ *^™®' greater than a* h\ and consequently 200 times greater than aft; 

^^ ^^*2ef^^ ^^ *^f microscope, when constructed in the manner now described, consist in the 
««.ii«£. «f the fieW ^^ V^"^ ^? ^*^* of achromatism in the object-glass, in consequence of which 
Zim!^« «'^' luid a" b" are fringed with the prismatic colore Vor the sake of eiJarnng the field 
Sv^^ third lens, largrcr than either of the otliers, and called the field-glass, is usually interposed 
or view, a tnira ^ ^, ^ ^^^ ^^ object-glass. 

Jfe/^^^^I!^**«^— "^^ Prmciple of the reflecting microscope ia very simple, and ei«ly eon. 
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wd *e met^Xl^ *>ngdom may be divided, so fltf as regards theBC pages, into two gi" i~ 
^^(tS^,^"***^l». ^hea employed in the mechani<»l and u«M art^ -« generaUr vsedb 



^ to say. W ihe"^ -^ij:n-X^^«,°^bSnS1S t^^ of^ r^ i^W 



after. 



meTa^''an^i'therefo7^*t^^^ ^°«ral substaocea are less fre<^uently ^o^^ed Ipr the^ 
S^m the fol^o^i^^^^j^ey wiU be noticed rather briefly, and In the order of their hardneas, « den 

Table of Hardne99^ etc. 



1. Talc 

2. Compact Gy^u- 

8.CalcareouBepar.... 

4. Fluor Bpar 

6. Apatite. 

^ n't 

6. Febpar.. 

7. siieiL....;; 

8. Topaz * 

9. Sapphire.... il*]'*'*. 
10. Diamond. 




Lead, Steatite or Soapetone, Meerschaum •• 

Tin, Ivory, Potstone, Figure-stone, Cannel-coal, Jet, Ac .....^... 

( Gold, Sliver, and Copper, when pure ; soft Brass, Serpentine, Mar 

"} Wes, Oriental Alabaster, Ac. 

Platinum, Qun-metal 

Soft Iron 

Soft Steel, Porphyry, Glass • •• 

Hardened Steel, Qimrtz, Flint, Agate, Granite, Sandstone, Saad.,,,.., JJ 
Hardest Steel 
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Ruby and Corunduna... 
Cuts all substances 



!••••• ••• 



!• ■•••••••■■ 
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ITie above table exhibits 



«f tKp min*»^-i — ■"* '^*"*^»«» the relative degrees of hardness of the several substances in the e8tiin.#i« 
?IA !i!^?f J*b*K*S*^ *. ^^« t*lc may be scrrtched by gypsum, gypsum may be scmtched by S^SS 

and so on throughout ; in the second column are named some of the mi^ 



3«r the last K^ « * ^'° ^^^ ^ scratched by gypsum, gyi . , , ..^ 

a ^^♦«i!. « J mior epar, and so on throughout: in the second column are named some of themi^ 
^T S r^ «L 1 ^^}^^\ substances of similar degrees of hardness, and the last column contains the im^ 
Tn thT «r; i^**'"*'. '■* '■^^P^* ^ hardness, ire ranked under each of the ten grades. ^ "'™- 

r>,;^* °! several practices of working these numerous substances, trudure must also be taken inlA ^ 



ber 



Tn tlift tt«>v 1 • »'==*K^'' »« naraness, are ranxea unaer eacn oi Loe i«n graaeii. 

-«»«n* «^ ♦Kl®i^Lf^^'^? P'' ^oi^king these numerous substances, trudure must also be taken ioto iis- 

InH LnL;^ mod« m which tiieir separate particles are combined ; thus hardened steel, quarts, wn^ 

S2,l fii^W ,?• -^ tt"*" i?^^"^«^ ""^^^^ thHumber 7. The particles of the steel, howiveniK 

^t*a^^J^^^ ^^ ^^T ""^ ^« «^^y crystaWne quart*, which is fkr more britUe; andstfll^ 

^d cWl« ^Sr«5 r? ^^^.e^r^B in the g/anites ; tlJe last may be wrought by sharp-pointed X 

^ositte tlmrif f;^? Steel, whict crush and detach, rather than cut the crystals ; and altho,!^ sanctoS 

^e but WW h" W ""Ij^^^^ of silex cemented with sUex, still, L the grains of ^ sandstoS^ 

inc- m^rKir««i^«K- J^® .^^^^ '* ™*^ "^ <^"™ed with considerable facility with the tools osed for tum- 

otrntaiM' " ° ,Y"*^h IS the everyday practice ift tumiocr the crindstoneL Whereas mnite^ wWh 

crystals 

Se-veral 
ibrrn 



tl»e OB^Xr^^in «r«.?nr ® ?? ^P^i ""^P ^^*^^ ®^®° «^ thin as the one 60,000th of an inch; it » used by 
verv tS^oIv« ^f ^ P^J^^i? ^°^. ^""^ n^'croscope. and is often misnamed talc ; slate may be split into 
granite are ml^t ^LT^'^^ff^i^ ""?' "^^ ,*^^* sandstones which result from the recompbsitioi, of 

sr^i^errnriie'^tt;?^^^^ '^;^:i:^l^'--^ «-^- -^ ^^ -^^ ^^^^ ^ 

^t^^^ZTj^Jud^h^Zui."^ camelians, and flints, show neither the crystalline nor lameQar 

«^nci ^SS; may bTte^in « f™^-r'^ ^^""^1 ^^ conchoidal, of which the broke/ flakes of ghus, flint. 

or la^ W^SanLd^rv^^Ti"^ examples.* Hard crystaUine gems, on the other hand, Sefonned 

*fa€^ir^l"^;aiTifvoli^ n^?nZ. w ^"^' *°? r? ^ '•^^^'l^r splitV the h««Bmer and chisel thn««h 

i"«- *H« Sat ao#^^^ '^'^\f tii« earthy mineraWgrindtak i« resorted to for ohZ- 

Si^ulcj nonHf th^e nr^^ 1^^^^^^ ^^'""^ meth^s al^for the pusent deferred 

feroaci features of thi Ss^^e^nZ^^** J^> "'^ readers, they will at any rate serve to eipUin the 

— 1 r 

ioto ^^l^^;,^rck^^^^^ lathe by resinous cements, as drivm, them 

^l^«o nature. The soft cemente^nsisl TaWh^ 

fioe x>o wder. often the fine dust fr^rS Se In^^.^^ \ ^""\^ ^^ '•««»°' «»« «"°<^« ^^ ^«. "^ "y 
wrom tne stones th at are turned ; pounded brickdust and coarse flour 

^o^«^i?r.r^*V^^^ P^'-'«"o'!i'?f'S^«n^ the imperfecU, JUt conck^U^ (Moie, » may be 

«I>oo simiiai- BubBlaiicca by art; whea Uie water to^m^^/5S'P'^»c«d. 

oumpicMjy aned out of the flint it breaks wilJi the ordiniry vmeMial 
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^t; colore<>- 




Paris alflo renders olber and far more importaDt Benrices in a variety of the osefal 

<ir is a yery different substance from the above ; it is a stalagmitic carbonate of 
I iroufii, geuerallj white, but of all colors from white to browo, and aometimea veined 
V ; it lJ of the same hardness as marble, ia used for aimilar purpoaea, and wrought by 



are ^^jTior- 
tV^eYtoce^ ; 



.anon blue and red slates conaiat of clay and silex in about equal parts; the large-l 
,^ Imps in the world, are at Bangor in Wales. The blocka, when quarried, are 6i>lit 
Irjaes exceeding eight feet by four, by means of loQg, wideband thin chisels, applied on 
I. -with the laminae, and struck with a mallet or hammer. The sheets are aawn into 
jE» and slftba, by ordinary circular aaws with teeth, moved rather alowly ; and tbe>e 
Ixmned for billiard-tables, d^c, in machines nearly resembling the engineer'a planinj;- 
■.], but with tools applied at about an angle of thirty degreea with the perpendicular. 
-^viug slate appears rather crushing than cutting, or a trial of atrength between the 
2a. « the latter is carried up to the saw by machmexy, and cannot recede firom the in- 
«i«^ is sharpened about four times a day, and ia worn out in about two-monthsw The 
c>mznon slabs are six inches wide, and when made of the beat caat-steel and properly 
«^^ a day and a half without being sharpened ; the iambs for chiumey -pieces and 
c>^ exceeding about six inches wide, are planed with figured tools of the full width. 
:a<?c] in the lathe with the heel or hook, toola used for iron, and also with ordinanr 
> -%vithout the slide re<^t, w^hich are, however, rapidly blunted when applied supern- 
u^her at the ends or edges of the lamime than at the flat sides, slate has neen 
t^y chimney-pieces, and a variety of objects for internal decoration, which are 
e^Dt process, in the manner of papier mdche and china; imitations of marbles and 
at about one-third the prices of marble. Some of the substances known io 
axe exceedingljr hard, and vary from the hardness 2^, to that of flint or 7. 
,Iu.<Jix)|^ the Turkey oilstones^ are used for sharpening tools; and this family also 
3 toEK^s formerly used in assaying gold. 
a - «><:>r«^^^^>**'^^» steatite. — These are natur^ compounds of magnesia and silica. They are 

BerpenttT*'^* J^^^ ixxixjo-ediately on being raised, being then much softer; but with the evaporation of 
genoraU^ -^»«^or , ^,y. «.s*3U me the general hardness of marble. The serpentine and steatite are found 
their moist u.ire ^ J^.^^^.!! ; serpentine is often called green marble, and by the Italians Verde de prato. 
abundantl>r *** 'r . it>iiti «ome of the sfjrpen tines will not polish well. 
It 18 much '^^^^^Vr irifV^jr-io*" variety of serpentine; in Germany it ia 

Potstonc3 .-^i^gl^ii^ ^5r>rxirwon use, whence its name, 
domestic ""^^^^^^iieci &<y^JP^^^^y fro™ its smooth, unctuous feel, and when first raised it may be aoratdied 



otYvet tivouVa ^ 
S\ato ift a*- 
tools, used 
ciaWy *, it is 
recently 
ornaraeuted. 
granite are 
mineralogiffttr^ ^ 
Many varie't-i-^ ^» 
includes tfae "t.o~ 




abundantly turned into vazioos 



supposed to l>e a I^"^ 



that he 



J^w« i^ri^icli aanxi* o^ bemg poUdied ; but the uiineralogiA designates thereby the compact car- 
S?nW« oriimo variou^«->^ colored. TTie principal kinds worked in thl ornamental krts. are ttTwhite 
«^Ttatimr^ mar-We fro^^ \^^7. a variety of colored marbles, prmcipaUy from Devonshire and Derby- 
filure aSd th"^ilacfc t,ifcijm'"«^ marble fi-om Derbyshire, Wales, an5 viious parts of IreUnd. 
**"i?:.^_- ", __ « -« ±rtrr^^^ With a bar of the best caat-steel, about two feet lo^and five-eighths of an 



inch square ATA-vfrn 3,o^PfrT^ /it each end to a taper point, about two inches long, and tempered toaatraw- 

oolor^this 'noir^ t is x-iiblb»^<J *^iL ♦ ^P*****® aides on a sandstone, and held to the marlSe at an angle of 

t^^entj or thirfc^ ciofiT^^^,' , tool soon gets dull, and must be again rubl>ed on the sandstone to 

sharpen it W— "iox- «boialri clrop on the marble, to prevent the tool from becoming heated and losing 

'^t^ temper. qnT^ j^oint -vfrMl± i^eep ffettmg broader by constant grinding, till it forms a kind of chisel an 

e^hth of an in^ wide, d/'^^^r ^^TkI: ^"^ ''equu-e drawing out agam. For cutting in the mouldings a 

^°^e dehcate""^^^ i3 ia«^-J- ^^ ^^^ ^« t*»e only tools employed ; a flat tool will not tum marUe 

te..?^ the 



naf ". - ^ne axxx^c^— *— ^^- ^^^^A !''T^'^^ like the marbles, are less compact, and therefore do 
Irl """"^^y ad^ t^^f l>^i^^^ ^^J^^rtiiif f^.^^ ^ "^*^^«** ^« Bathstone aJid other oolites, whidi 

*e taste mthcr ot^/ecto 



^x-4Hnnry 



^uor 



!;;^%S 



ar 16 a, 




^*e deep blue ana ptjrjp 
^'ystala, all having- a ^^ 
even of the best ^iv^orko^ 

T*^e atone is first tovl^s:}^ ^ 
fearn which is appUea oJl ^^ 
^fther. It is neirt x-o«^'^^ 
still more into form ; t^a^fS 
•ufficiently thin to sho^^v^ 
""^nner as marble, bufc " 
•urface of the work. 






*^I^Tw^v ^"^^^ ^^ ?^^^ freedom. The Maltese stone, of which 

S•*'^Siti^J!f^♦^"°"^'^i»°^ *« workable variety is peoJiu 
J^^mH^v a? ?Cf ♦ •'^tt* P«rf«°ti«>°- The meet coeUy ywicties are 
f^lv^l i? vS^ i?^ n *""!' ~"°*^-. *^"°'- ^i°e an Aggregation of 

^t ^th a point ^d maUetTrn'^l.tjed ^ H^^^x^lHtTeO^ 
r at: tlus penetrates about oBMicMK ^r "_!?^* '®.*?"y.™''® J*^"' 

aeu, an 

bound 



XJiind romid with T^ wil oS5^ heated and resined, and turned 

^^^is more difficult, and XXly f ^IVTif^.f^^^^ ^ *>^ -T 
*ool used IS the steel nninf ^^^^v • ^ very little ream remams in the 



the steel point. 
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.. J 1 fr-ntar« ana to divide them into plates it is necessuy to resort to the UpidMy p^ 
viih a conchoidal fi^JJ^T^-^ eme^. but it is for more economical to emploj diamond powder, » the 
cesa. They "^y^^^^i-7ooe-3^^^ that caUed for when emeiy is uaed; these .tones aie tlwa,. 

^rJr^ilK^^ a^a ^^^^^^^^^^l^^^^a^^ of deUcate balances, for f^^^.^^^ 
* A^ate «,^^i,^,r*lJaV^binder9, and also for some other purposes in the m^Aamcal arts; the 
bumUers for fl*^^"(^f^ie group are largely employed for the purposes of jewehry, the handles of 

whole of ^^J^^J^ a. variety of ornaments. _xl , , , . 11 ^ 

knives, snuff-boxes, ancx ^^^^^'^ ^ ^^^^ ^ith plane aurfiices through their natural deavages, uid 

7bpaz, •«i^,^*r*'I^* ^ally employed; otherwise, they can be only slit with the diamond pcrrder. 
whicli °»e^^?d.*^,^",i?^^e8 may tie smoothed with emery, but emery being in hardness only eoual to 
The first a^t^t'^.'X^^ct upoi topaz, upon sapphire and rubv it is ahnost inert, and on dtamood quite 
9, produces but Uttie ^^ ^^ ^^^ diamonds, are therefore always polished with diamond powder. 

80 ; the sapphire ^^ T!*._^ar interest attached to the mechanical applications of the hard gems, it u 

On ^^''\^l^^J'utu^ from the subject and " 
proposed to depart a^t.^^^^^^^^^ ^ 

uses whi^ may not^g^^^.^^jr^ certain part« of 

monly "»?<*J°' ^^^'^^r T>arts of the escapements, 
holes, P?^^® „\ _-_ j-|~ts rnostly of two stones : the one, commonly sapphire or ruby, is turned oonra 
The jewelling *^?~^^^i^ of two diflferent sweeps, to thin it away at the part where it is to be pierced 
above and c^*^^*? Il^-^^j ^ made a little smaller in the middle to lessen the surface bearing, 
with the hole, *^^|^.^^53.iied the " iop-Honer or «en^»/o«tf," is generally a ruby, in the form of a plsno- 



The other, ^^^" " - ^ ^ diamond cut into facets ; the flat side of this touches the end of the pivot 
convex lens, or ®J~r^. y^^a into a brass or steel ring, like some of the lenses of telescopes, and the two 

Each stone is ouni . ^^^ distance for the retention of oH by capillary attraction) are inlaid io a 
stones (8®P?'*^° * ij^ tlie side-plate, or other part of the watch, and retained therein by two aide- 
countersunk ^^;f®f~._„«^ortant variations are made by difierent artists in the shapes and proportjooe of 
Bcrews. although unimj^^ 



screws 
the 



ntP*"?!- f theso jewelled holes will be imagined, when it is added that in the axis above refened 

The delicacy o ^^^ t^^viro-hundredth part of an inch diameter. 

, the pivot 13 \^^^^ the pendulum springs for chronometers is sometimes drawn through a pair ot 

The wire lor ™^ ^^<j edges ; the stones are cemented into the ends of metal slides having scaew 

flat rubies with *■"" . - ^^^^ two pairs of rubies are placed one hefore the other, to constitute a rectapfuier 



adiustmenta SomeU ^.^^^ ^^- ^ ^^j^^ ^y^^ ^-^ ^^^h in width and thickness, 
hole of ^"**5^®.?*™^eme are drilled with holes conical from both sides, for drawing the slender saver 
Rubies and otner ^^^^ j^ the manufacture of gold and silver lace ; the wires are afterwards flatten«il 
gilt and silver ^^''^ silk, and then woven into the lace. Ruby holes aie also employed for rooodii^ 
wound 8i>irally ^P - ^^d pencils ; but for this use they are chamfered from the one side only, and the 
JL'f Jl?*I?. °L!r?h,S^firl» ^^^P^ ^^^ ^P^^ "^®» ^^ ^^P7 ^ ^^^ ^^ *8 * cutting tool; whereas the hole 




A I • ♦ •♦ At The finest holes of all are made by barely allowing the point w i-« ^ 
lirmijr into its seat ^^ ^^^ conical hole, previously formed on the opposite side of the ruby. 

AU^u *^l1rLtioo« are adopted on account of the very great hardness of the stone, but they could 

«c^^ 1 ^^- t pre there not one substance stiU harder than the ruby to serve for the tools bjr which 
th^rie v^al fomB ^^^ ^'f^^.i: ""^ tjie brief consideration of which will now be proceeded with. 

Diarfuynd TTie dla'"^*'"** ^ ® hardest substance in nature, and m common with some otiwr ciys- 

taUine bodies, it is liarder at the natural angles and edges, and also at the natural coat or ddn ol the 
Btone than within, or in i*» general substance Its pecdiar hardness is nrohably »Jt<«e^«'i"«^^ 
^bly cTrystalline form, as by analysis the diamond, charcoal, and plumbago, are found to be neany 
identMCAl ; the Grst i^ absolutely pure carbon, the others are nearly so. 

The principal use ^^ ^^^ diamond is for jewelry, its preparation for which will be touched nwo ■» 
^« a1 j^iltest possible manner ; but from its peculiar hardness the diamond fulfils some more reallj im- 
portant Althouff^h I«»^ brilliant services as tools, without which several curious and higKly valuaWe 
Processes must be 9. lt.ogether abandoned, and others accomplished in an inferior although more costly 

**Jitnner by other rne<a°* j * , • r r 

The dianaond is t>^^P^ purposes of jewelry by three distinct processes, namely, epWHOgl 

Cuttiujr etnd polisUi^^' which will be adverted to in a very few lines. In order to split off the portiom 

not TeQU"»'®^» *l>e sto«»® ^ **®^ '° * *^ of cement, about as huge as a walnut, the line of division » 

Bawn & little way -«irith a pointed diamond fixed in another ball of cement, and the stone is afterreita 

smAU J^itH the bluotod e^^ge of a razor struck with a hammer; the small fragments removed, when they 

Sl\^ artiall for i**x%r€3liT» are <»lled diamW 6^^^ ^ 

T Ttiog diamonds, two stones are operated upon at once; they are cemented in the ends oCiwo 

^' ? *^^l,ich are »i^pP^^^t^!^ ^^^ edges of a box three or four inches wide, rested against two pinj 

«Ucfes, '''^ * nd forcibly Jibbed against each other- by which means they abrade each other in nearly ttat 

as fulcra, *" ^^o^e » fi"« ^^^ CBllad diofmnd wvoder which faUs through the fine holes in the bottoni 

planes ana x^^ ^^ there collected. -^ ' 

ol the boX,JV , ^ye lastly polished upon an iron lap or skive, charged with dUmond powder, the stooe 
The <*'.^'f?,oechanicaUy ; it is fixed by soft solder in a copper cup, or dop, attached by a stout wpp; 
beuig guided ^ of the pincevB, a flat board terminating at the other extremity in two feet, whidi r^ 
wire to the ^°" ,pport, the whole forming a lomr and very elhvWow triangular stool, loaded at the end 
upon a fixed « tjT ^^^ i^gt two processes th^stone is readjusted for producing every separate fc««t 

We'^ll now pr^^*'^ ^"^ applications of the diamond as tooU. 
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.„«lltr fieleoeea for turning hardened steel, namely, an egg^ap^ diMnood roUt m tw(v 

form moreuBuaii^-^ useH ^ith the flat surface upwards ; the watch jeweller uses bbj sphnter Jiarin^ 

an angular «oroen ^ ^^.^ ^ polished with «>fu?aw grinders of the same sweepe; the fire* of 

The ^^J**"'* ^"l?:^ ,^a the last pewtSr, with three siees of diamond powder, which is obtained prin- 
copper, the ^?r,{^^'f ^om the men who cut diamonds for jeweby, an art which is more cxteiKiTely 
cipally f ?°^,/;, **T, 't—^ than elsewhere. The watch jewellers wash this powder in oil, after the same 
followed m f^.^'^^^^tter exphuned in regard to emery. *^ 

DttMiner tnai ^ ^^ „e chucked by their ed^es, and a splinter of diamond, also moonted in a 

In dnUine «^|^^^^^ ^^^ ^HU be too conical, the back part is turned away with a diamond tool to re^ 
wire, IS ^8®^- ^u^-^ of I^ig- f. a»<i fro™ ^^ crystalline nature of the stone, some facets or angles 
duce It to uie ^^ ^^^ ^^\ ^ cut The holes in the rubies are commonly drilled out at two pro- 
always ®^^^ ^^^^^j^ side, and are afterwai-ds polished with a conical steel wire fed witfi diamond 

powder. ^^ either ^very email or very deep boles, a fine steel wire, JV. d^ is used, with diamond 
^''^^ DDlied upon tl^e end of the same, the limit of fineness being the diameter to which the steel 

^H^ di^Unff larger bolos in china and glass, triangular fragments of diamond are fixed in the deft ex- 

t of a steel w^iro, as in Figa e and /, either with or without shellaa Another common prac- 

treimty ^j^gg ^nd ctiina menders, is to select a tolerably square stone, and mount it as in Yi^.g 

^^^h nd of a taper tin tube, which wears away ac^ainst the side of the hole so as to become yeiy 

in the e ^^ pressixre to embrace the stone by the portions intermediate between its angles. 

Th^^Btot^ is, from time to time, released by the ^wearing away of the metal, but these workmen are 
A i+ ^ us in remounting it ; and that the process is neither difficult nor tedious to those accustomed to 
dextero ^^ trifling sum charged for repairing^ articles, even when many of the so-called rivets 

it, is F°; . f ^^^ cemented in; they employ the upright drill with a cross staff 
^^ Timilar diamond ariU mounted in brass was used by Mr. Ellis, with the ordinary drill-bow and 
w ♦ nlftte for drilling «»ut the hardened steel nipple of a gun, which had been broken short off in the 
breasi-pia ^^^^ difficulty was experienced, although the stone appeared to be so slenderly held 
^tf Sawer holes, metal tubes such as Fig. A, fed with diamond powder, are used ; they grind oat 
^^ lar recess, and. remove a solid core ; copper and other tools fed with emery or sand may be thns 
^J^fTalMs marble, an<i various other substances. The same mode has been adopted for cutting oot 
used lor 8^7^'. from within one another by the aid of steam machinery. 

stone ^?^^'P^nts tl^e conical diamond used by engravers for the pui^pose of etching, either by 
1, A 'witti the various machines for ruling etching grounds ; for ruling medals and other worfci 
nana ^'"^V^ ^^ j^^e turned in a lathe by a fragment of another diamond, the outside skin or an angle 
oonicai man ^^ ^oo\ suffers almost as much abrasion as the conical point, from their nearfy equal 
uf^^- . ihprpfore tlio process is expensive, although when properly mamtged entirely successfal. 

To Conclude the notice of the diamond tools, Figa * and / show the side and end views of a 
unlintpr miitable for cutting fine lines and divisions upon mathematical instruments. The similitude 
between this and the S^^ll diamond will be remarked, but in the present case the Splinter is selected 
with 

each _ 

none the worse was accidentauy brokea A steel point would have suffered in the graduation of only 
one-third of a single circle upon platinum, so as to have called for additional pressure with the progresB 
of the vork, whicb i» ^ delicate an operation is of course highly objectionable. 

MINES, EI^GllN'ES FOR. The locality of a mine will determine the manner in which it ought to 
be drainecL Where the mine is situated on the top or side of a hill, a shaft is led from the bottom of 
the mine to the nea-rest valley, and the water runs off in this way without the application of pumps 
^rou^lit by steatn-^'^^?^* ^'^^''^ *^® nunc is situated in a level country pumping becomes neces- 
sary- ; and should "the mine be deep, say from 100 to 150 fiathoms, very powerful steam-engines are 
"•equired. Where <^he pumping requires great power, suppose of 200 horses, it is better to coostroct 
*^o szoaII engines "th^ o**® large one. Where a single engine is used one set of pumps are wrought, 
And tlxG ascending xnotion of the piston is employed to raise a weight equal to half the pressure of the 
^ater in the pvamp^ Where two engines are used there are commonly two sets of pumps, one set 
^ougrHt by a dio^^"^**^ spear attached to the piston end of the beam, and the other set are wrought hy 
the otlicr end. ^t.^mn-eDgme8 for mines should be simple in form and proportioned to the work they 
We to perform. '^^^ pump-shaft is divided into lifts, which should not exceed 180 feet each; thew 
ia a cietem for tbe reception of the water, at the top of each lift. Rather than make the diameter of 
the x>un3p more tH^^ sixteen inches an additional set should be added Mining work is irregular, 
more re^tance IcMA^iog to be overcome at one time than anotlier. Tredgold gives it as his opiiaoo 
t\xa* an engine does ^ood duty when it raises 70,000 lbs. of ore by the consumption of one pound <rf coal 
^ ^*»iffbt to be raised at one draught varies from 8 to 7 hundred weight ETngines at mines are aome- 
♦• Ti^ to breafe the ore by means of stampers. 

Iff ^ A more complete treatise on mines, see C/re'» Dictionary of Minea. For the enginea used, aee 
^J\nLT>uMrB AND Pumping, as also Engines, in this Dictionary. 
MINT See Coining. 

MomTLtrS. The Tnodulw of the elattticUy of any substance is a column of the aametsuhstaiice, 
«anRh]p of producing a pressure on its base which is to the weight causing a certain degree of oompw*- 
^^ss (ho^en^**^ of the substance is to the diminution of its lei^ 
ThrmV^uIus of ^l»«*ViliyrJ**f "measure of the elastic force of any substance. 
A practical motion of the modulus of elasticity may be re^dAj obtamed. Let « be the qnantity a bar 
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their respective modulus of elasticity, and the portion of some of them which limiiB their oohenon, or 
which lengthwise would -tear tliem asunder. 



Steel 

Bar-iron 

Ditto 

Yellow pine . 

Ditto 

Finland deal 
l^ogany... 



9,800,000 
9,000,000 
8,450,000 
9,160,000 
11,840,000 
6,000,000 
1,600,000 



Rosewood ^^Qf^ 

Oak, dry 5^100,000 

Fir bottom, 26 years old 1,400.0W 

Petersburg deal 6,000,000 

Lancewood 6,100,000 

WiUow 6,200,000 

^^^ 4,860,000 



Tesklc 

Oaic 



6,040,000 feet. lestL 

4,150,000 feet 144th 

3,860,000 feet losth! 

4,180,000 feet io7th. 

4,617,000 feet I09th. 

Elm. 5,680,000 feet 146th. 

MerKxelfir 8,292.000 feet 206th. 

CHriBtiana deal 8,118,000 feet 146th. 

Larcik 6,096,000 feet ...*." I2l8t 

Annexed we give a -table of the modulus of cohesion, or the length in feet of anr niismatic 
required to break its colaesion, or tear it asunder. -^ *^ . 



SDbBtueB 



Tanned ooVs-skin . . 

, calf-skin 

.. — horse-skin .. 

— cordovan ... 

.— sheep-skin .. 

Untanned horse-skin 
Old harness of 30 

Hempen twine - - - - * 

Catgut, some years olo. - - 

Testk 
Oak . 



feet. 

10,260 

6,050 

7,000 

3,720 

6,600 

8,900 

6,000 

76,000 

23,000 



Garden matting 27,000 

Writmg-paper. foolscap 8,000 

Brown wrapping-paper, thin 6,700 

Bent grass, (holcus) 79,000 

Whalebone 14000 

Bricks, (Fenny Stratford) ..................*... 970 

(Leighton) 144 

^ce joo 

Leicestershire slate .7,300 



]HlfA^ 86,049 feet 

ll,ooU lb. 82 90O foot 

»*^** 12,226 lb. 38 940 feet 

:gtf^ ■•• 14.IS0lb. 42080 feet. 

S!!^;V^ »''20 1l>^ 89.050 feet 

Memelfir . 9,640 Ibi 40 600 feet 

Chr^tunadeal ,^^,,,^ ; ;; t^wtt 

12,2401b 42,160 feet 



Inarch. 



MOMENTUM, in mechanics, is the same with impetus, or quantity 
ited by the product of the velocity and mass of the body. This is a 



mated 



of motion, and is generally esti- 



^tr^^rer.iesi^\^^^n philosophers,' some estimating 1^^* i^eZ^'i^XZ'l'^ij"^^^^^ 
^htle others maintain that it vanes as the mass into the square of i^ vela^^^lirfh^^tt^^ 
•eems to have arisen rather from a misconception of the term ian from In^'^T* ^J^^^^ 

U9 oc^ituefiiing- the oncKs logeuier. In order to understand the principles unon whirh mortar k m^wA 
« 18 necessarv ♦^ 1-»6Come acouaint^ri «;*k ««-*«:« c^^*^ -,u:^u uJ. _ r'**T "P^" ^'^'^^ mortar is mixed, 

C 

loos 

^hen tbe Uyer^o^ *Ji™^Tu'7 " ^^'-J^ ^hin stratuni, as between two poUsh^ ^toiiTs. ufalTfii-m'^nd ^ 

cement » prodiao«cJ. The l.me must be prevented from forming Masses Ifl^^^^rM^^^ 

»a these always po^fess a very sl^ht degfee of cohesion. The lime a^Si^^t^rKoatt^ 

BVirface ^^^^^i,^"^^^"^^^^^^ in chai^cter, and this s^^^^^^ 

A -were, by muanjj^ a g'™,'"? V^** "'* *•>« lime. This leads directly to the obiect uid 

in the mortar, wliich i««.lj_intended to bring about more intimate contir. iJ?' fiH*!?. „. 



Lime aloiie P'-^^ ";; ,j „eve, ^•'««. ^?nW consequently be m layer* of a line to an inch in thicknw. 
„d m such ""j^^^e uTthus dHded ,^. ^^ ^°*''^*'' » ^'^rP!"^,^' "^ ""y kind of rtone i. mi«d wi4 
It, the maw of ]'"tand and findTn J°'° ' ^^^ '""^^' ?^ «>•" layera, or. aa it were, filk op the inUr 

It i, further known Aa^ven t^ beH mortar, when quickly <Wed. aa. for instance, en the stove, *« 
not harden, b«' remaina inaoie and porous. Althou^, tbereftae, mortar placed under water Rmaiia 
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^— ^ -_S «k1 •».;» The sand should likewise be as free M possible from earthy partw/w sirt 

-"^Z* »«.««^ -*^ ^^?^ oflfme " nd cement, the rule is. to prop<.rtion the sand to the ooMtrty rf 

iB "f X ^ -^*" ^"^-^^^l^^n^e wilT not ^ar more ihan a certain qSan'tity of these sotetances, ^^J^ 
dus«- J^*a - .-.^^'xc^^tTe cement itself being for the greater part inacUVe. and playH« the part 

tity ^S* ^^ -^rtar that sets with sufficient rapidity, and to which a proper P'^Pjl^^ °J^!^^J^„*1^ 

o( «»**^Vftul^ i *=^ -mr^mL-m^ ^ r^iploved for casting tolerably mzsHive object«» which are not subject^ io crack when aij. 

^J^a %*y ^•^V^-i^^""^^^^^^ ^^^ architectural omamente whicli then co^X'^e^ 

»Ade^^^Y,\^-.*=»^ -^^^-ci •-irability, are very li^ht as compared with similar figures of sandstone, and hare tlie 

'y}***,^nes» "^^^^^^ -^^^-.^ps C5f being easily multiplied. -«.j „« r^«w 

*^^? adv»-^"«^*'^^;^^V:p.r>lication is that for castino: water-pipes, on the spot where they are required, as pr^ 



S^T ?itoV^^^^*" -^^3L /ill. The mould employed is a linen hose, like those attached to the fire-cDgine*. a few 
^ A W ^-^ ^"-^^^Si-Vm -whfii is filled with water and closed at both ends. A thicic kind of bolster » thos 
T^^-- \xx l-'^'*^^^ -^--laich sand is sifted, and it is then laid upon a deposit of hy^jraulic lime and corered, 
^^nAuced' '■^"^^^^^^m.- ■* the same substance. When the whole has hardened, the hose is drawn fonrani-s 
V^TtjouT^ngC '*=>^ ^^m:M of one foot being left inserted in the tube, and a fresh length is cast. W ater-coursej 
iX^^ iV^e ^*^*^-^"^>.<:i xMUst, however, have a certain amount of fall, or the sand cannot be washed out, ana 
t^ivis coiv*^5'^^*'*i -»-» ^^ cJ^^li very of the water. , 

Vi\\ \mve*^ ^^ir-^a.-«J.li<=5 lime is mixed with small stones, or with shingles from ihe bed of a nycr, or the sea, 
'W'henVi.y ^^""^^ -^.^^tjjr constructed of it, and a mass is obtained which resembles the erections wjth ordi- 



^a\\a cau «i>«^ «^K-a<J- *^ called beton by the French. 

iMiTV TftOTt*»"«"» ^^ xxa^ijcture was used for the 4»nstnjction of the harbor consisting of 8 parts lime, 4 Pumo- 

At 'I*^^"^^^^* _^ ^kislmes, 2 sand, and 4 parts of rolled stones or shingles. 
lana, 1 9,tA^^^y_ ^^ri^tl* of walls constructed with hydraulic mortar is most clearly shown by the experi- 

The grea-ti^^,^^^^^ -^vith a view to break beams constructed of brick-work. A 25 feet lon^ and ^ feet 



ments ^^^^^^^^^^^^.w-xxctad with 19 layers of bricks, bound together by Roman cement, in which, here and 
wide bea.«^» *^ ^*rij:»^ ^^ ^^^^ were inclosed, was capable of bearing, when supported at both ends, a 
there, P^'*"^'^^^^„^» staspended from the middle, before it showed signs of fracture. . j * ■ • 

weight o€ 5 »-^l«: .Fti»«^s^™e has lately taken a patent for preparing different articles with a kind of vitn- 

^- Fr^c^e rw^yM.^ £c>llowing' is the principle of his process : 
fied cenca^i^*- _--« w>^a:icleci in wire baskets in a boiler of caustic alkali, which is heated to about 800° Fahr, 

Flints ».r« T^S^ ^f i50 to 80 pounds per square inch. A solution is thus obtained of silicate of soda or 
luider a t>^^®^I,^dfi<5 gr»^vitv of from about 1*8 to 1-6.) 
potash, €^^^\^ JK»wT»^»aa'fc*'*^ suostance, the composition of which is said to be 

Thisa« ^e ^"^ Silica ^., 2043 

1a 2706 

ter 52-52* 



lOOUO 

^ £• tlsi^ i*^ ^^^ cement is ground up with one part of pipe-clay and one part of powdered ftnt, 

One P^"T™xi miac:«2^<i in a pug-mill with 10 parts of sand or road-drift. The mixture is pressed into 

wtucli ar« ^ , »n<J i^ **>«» dned in the air on flat surfaces, to prevent warping. It can now be handled, 

plaster ™^"_^ J^a p^r'G^^o\^\y to being placed in a potter's kiln, where it is heated slowly for 24 hours 

3 *■ * « fSir r^c^l^^**^ '?'* ^ ^ours more, and then gradually cooled during 5 days. 

Tlii fim^^l a«n£?^JJ"^ ^ essential, because tlie silicate of soda, during the firing, takes up more silica 

anH^l.,^^- #i-oiri ttB4^ iflint and clay, forming a true insoluble glass, which would crack if not properly 
annealed ^r^ stor»^ «« «^o* affected by boiUng in nitric acid, which proves Uiat an insoluble glass ha* 

laJd'^Jf f ' ,.r>acl-<lr-i^<^ j>roduce a white stone suitable for the face of omamenU, which are backed op 
with con -/^^nOTa^<J*^ 4^f loam and silicate of soda. 

^ccord^^f^ tlxet <5ij.»^«t*^j; of silicate of soda used, the stone may be either porous or impervious. If 

sufficient i^ Xd to tti* *^I^ *" J ® interstices between the grains of sand, the stone will be impervioui 

Some of if ^^ie-asom^"^ «tone has been exposed for two yean* to the weather without the sharp edges 

beiag ij ^''' 'i^^htGBt: ^J^S^®<^ '"J^ed ; many jporous stones will stand weather and frost better than im- 

P^^'^ious i^ \^ntl it i^ ^-tierefore still a question whedier this stone will resist the action of air and rain 

foaded yJS.^^" i7^fiuroti» ^^^J^* f !^^u ?^f ^ Londoa Some of the blocks of stone quarried at the 

^nd of iT ^ i^^ri fuM- i^ ^' ^*"^ ' Cathedral and left there, are now quite perfect, whilst the stones in the 

Cathedi^i '^ ^^T tti^^ -*^ery much decayed. -it--. 

Mr ^'^^'^^ f^Hf« *::».» -*^"> 22d October, 1844, merely directs the stone to l>e dried at 212o Fahr^or 
«^t a lii^r^*"^ 'r™tS«^^' ^"fj ■ r^ ^^y.^^y tiling about baking it ; he directs about one-sixth part 
Of the^i- *■ ^^'^^^I ,^^ -^ ^'^ * I Tk""^-^ V' ^^ ^^''^^^ ^t the Institution of Civil Kngineens that sU 
Of 7 f J T*^ ^ a i^ ^X^ ^ 'i^f *!!in^^° "^^'^ perfectly flat and true, and that the reason they did not 
'Meet lon^ ^y:^J^^Mr^^^^^^ ""^^^"^ ^t!"^ *° «>"tact with one another, and the cement only tilled the 
^jrp was, that tao^^i^;^^t;«rytcK> much cement were used, the shrinking of the cement would irarp 
^tersticea. If, oo *^^^J^^ ^/ if'i^'TlTK ^'^.^'^•"' ^^ ^ procured for %s. per cubic foot in favmble 
the slabs. Square "^f^ J^. ^^^* *J- ^"t the pnncipal application for which itis intended is for om- 
localities for 3ie ua^t^^^^^^i^s, c<mU of arms. mulAons, <&.; for elabomte forixiB may bTRiven to it « 

very Uttle more ^^l^^'^i^ *^^ted bv ha^ndinTh "^ '""^^ ^'''^^ P'*^^«« ^^^^^^ it becomes moie costly .od 
purposes, but it "W^**''^^^^ ^^^rJced by hand m the usual manner. "«» u« j 

» less correct than e*^-* 

uisyt howerer, states the amount of water 1a Ha 7ii .^ 
c;hem. Gacette, voL Ui. p. seo. ^* J*®*" <*ot- 




dietance boycmd the «d|fe of the hand and ^*^^r^jt f2l 
e proper poeition for g^nding: them ^<^^^ *l^ f JS!zi ib£ Wil^ 
leld dxedljr the enda would merely b© ^^^^^^ .i^^ySe 
symmetrical point ; but by cauain^ each wire to '^^^^ 
, the pointer works equally on all sidea of the wire, *"^ "^ 
itervala of every few seconds he adjusts the neeJiea ^*Pj!jr 
lips their ends m a little trough of liquid heiweeDhimtodwe 
w^ii stream of sparks, which ascends diagooallj in * direcooo 
1 is placed. So rapid are his movementa that he wiU poun 
; one hand-^rasp, in half a minute-^thus getting throiigh tea 

operation so very destructive to- health ia, that the jwrticleB of 

virc by the friction of the stcme, float in the air for » time, and 

the same remarks apply to this destructiye occupatioD ai tP 

e state of our embryo needle is simplj that of a pice© of dnU 
(supposing a's to he the size,) and pointed atbothenda The 
two eyes or boles are pierced through the wire, near the ceotre 
vo needles whi<^ are to be fashioned l^om the piece of wire. 
aconnocted with this process, uivolving meduuiical and mauip- 
LJiose who are learned in the quaUtiea of needles-as that they 
repared to expect that much delicate workmanahip ia involTed 
riu not be m error in so supposiiur. Moatof theimproTemeBts 
>duced m needle-making: reUte more or leaa to the productioo 
^n ®^ '^^y P^-ocesses are omitted whidi are eaaential to the 
Jh^ J^*?^ ***e whole nature of the operationa better for ua to 

K ^^^^^ processes. ^ 

'^^^*u^^ 1*** portion of the work to them, (an exanunatioii 
^^JZT^'^^y^'^^ *^« manufacture.) the wirea are taken to the 
o^KTrJZ*^^^^ ^ ®~^ half of sTeiy wire. The atamp«nj^ 
st^o^"^ a'JS. *"" *^ "PP^*- »"'fi«« a lid of iron; and oo Ua. 
arfa^J^tKo^^^^ t*"? '* «u«pended a hammer, weighing aboat 
. ao^hat ?t oi*^'"*^*i*^ *"^ thedieorimpreaa TTiehainmerjji 
t exp win'^'" ^ brought down exacljT upon the iron bef 
ch flfe^ v«^r ^ Btating tEe work which ft ia toperfoim. It i 
idle." ^ * needle ia situated, and which la to gmde th 

'a. 4-V^..^ _^ _ 



roduiso dei>r»^' • ® device on the two halres of the die » 

m the S ir^""?;^ **»« ^ire. "Ke workmw,hoIdiiW "jh" 

°f the fo^;*'^?^ ^^*'* naachine. «ljaeto U to the d|e, lj«P 

I has to ad^t ^iP *"'*', thoiuMid wires, equiyJent to eigW 
•ch the eyi^f *1*** needle separately to the die. . ^^ 
•haod-pi^ti^^ *'\« ST"*** « pieced tLugh. Jbif^J^ 
f .«««<He8^^S^. *he operation is at coce • n^" »^,'^ 
'!"« one end 5- " "t^ 'P^ead. them out like a fiu\ «« "VJ 

^I^r^ _ To°.Setn^^.^«J° »^ left ^iSt.?^^ 



»re^ To the v..:.r^ ^"^ « W« !«<* ^"^ '^.T^^lul 
«n<i aluipe etJi?P*' »"^ of the press are affixed \^J°^ 
Pa«» thriu^h^P' ~'->-eapoDding with the «y"J^^ 
of the wire V^ '^^^' ^'eiy n^w together, and »t »«i»«u 

<l.aod two iit*?^''v-^"« b«iS^S^d^<»»l'»l«'.Pr,^iSj 
e piercers. iCS " ""*" pierced th« VoT ■>»£»• ** "^ !23 

exactlj. wUh*^?'"^" Perl«j^t»f^;rfoirioche.in»eng^ 
^rV^** ** * dUt^lf"« °f the needle-eve. These two !»«• 
^^ :^T,'"^^^b^^Ti^ equal to the'dist««:e W*<^,2j 

S' '5 Uts^^^^ «^S«i4«^0.- ^.orknuu. then file, down 

% the Jf* "^-'ly cl.tr° needles »n inch and a 1-lf J"^ ^f^ 

^ire b^Hff'tion^i^^'ff toother in the centre, «<! t^* *^ 

«. but before h^hl^ ,»*ke pi»oe. He filer, •'^'^.'^J? 

**** «wd the combof wires oot of hul-n* 



lU steel block with a very smooth upper aur&ce, ^u^ 
orkwoman oot beings able to straighten more Inan »^r^j^ 
s much lees than that which we have had iutherto to oo^ ^ 
allow the iM^edles to the onlv part of the maDufacture *"*7. 
nail size. This is the scouring process, performed bys^^^r' 
orrectly , like marble polishing-machines — a square bIad ^I?*^' 
Due, or bench. The object of this process k to rah the fleeoies 
>d, till the surfaces of all have become perfectly smooth, dean, 
s manner. A. strip of very thick canyas is laid out open on a 
L»s, amounting^ to perhaps twenty or thirty thousand, is laid, all 
ther, and with the length of the clotlL The needles are then 
and oil, and tied up tightly in the canvas, the whole fommg a 
o inches in tbickneaa. Twenty-four rolls of needles being thus 
ed thousand needles in all, they are placed under the rubbers 
ach machine. A. steam-engine or a water-wheel then gives io 
eciprocating- or backward and forward motion, pressing heavily 
e needles of each bundle to roU one over another. By this 
rted among the needles, whereby each one is rubbed smooth 
toura unmterruptedl V thU rubbing or scouring is carried oo ; 
sned 111 suds, placed in new pieces of canvas, touched with a 
cted to another eight hours' fHcUon. Again and again is tliis 
c neeaies tlie process is performed ftve or six times over, each 

^«rrK *"^, ^« placed in a small tin tray, where, by shakipg 
r rowr*"^^*^* '"*** parallel arrangement From thence they 
kcir^^^"^*" '**^«^F»» and passed on to the " header," generally a 
olved i^ ^u^ '^"^'^ '^^ ^^ points the other. This is one among 
he o-ii-ll:l ^?^, curious manufacture, which surprise us by 
r th^ r^Jl^ii r: ^^^ ^ace towards the window, and has the 
their J^r» A^^^ parallel with the window. She draws 

»n, in ^oUier "^^^ ^^said, into one heap; and to the left 

for it ^^ Jj^***^®: *^ remove those which have been broken 

& this oplratTo^® tP^I*?^ ^** ^ 'n^^y ^ ^^^^ «^ *"° ^^^' 
> cut the thrZt!?*»» ^,?^* ladies are conversant with the ments 
tampina- ariH ^'- i *»^«« are produced by a modem '^P^^^. 
argiu iSconf^ J^'®'"''*"^ Processes before described, is dnUed 
>e is ar8t^*^tL*t. P^T^^^^y ^niooth and brilliant as any other 
eye is coun^r «, i.*^*^ ^^ *^e head is heated so as to give it 
'^t tbere ma^ i!^"*^' ^'hich consiste in bevelling oflf the eye 
^mea the drUu^'"'" ^*»-p edge between the eye itself and 
l*oria:ontall V wi?i?* Seated at a long bench are a number of 
of bis left hr^^ ^^^^ rapidity. The workman takes up a 
-ite tUe p^i^? o^\lP'"^*^^ ttem^utlikea fanwith the ey« 
, --hieK iFl^^^^i^^^^ f ^^' «^-«™ the handle or leverof ^J 
'^^^a^ Bo as^to Sif *?,»^»king it circular, even, smooUi, and 
^f »V^^ ^^rk^^TL'^ ^1 the needles in succession under ^ 
«l three or fo»T -^ much rapidity The preparation of the 
-oduotion wK^^l^^^-^long, H tatter oNeWat nic^y. 

iwch constitutes the oride of a modem needle 

1?>*H'*. «»"d ^m»V '^''o'^iug witb great mpidity. «>»« J]^ 

hich ia at » U^^ ^?'' P««shi,1l ThI men are sealed on low 

°ve Ave or »il^*'^8\* °f PerhfV» two feet from the ground. 

The Kri,wi!^ Mches. in dial^*^^- thev ate made of gni 

'tones ^r-^"**""".- swa. 



that th^\'^:;:°ivi„g 

'* contact ^/i'"^ 



'^ether. so that *J. 
soon as th«7^ *« 

?uched x^ «>«ted 

■■"•^^|--!2.,.'^^ (J U u 

e Uniahed. VL magnified reprwentotioo 






Let 

IT edge or Hide, 

lie Bur&ce, 

1 content, 

if (arcuii»cril>ea BjMiere, 

of inBcribed Bphore ; then 

'8 = 4 R«^8 = 2 A•^/S, 

8=}R' = i A."-s/2. 

= 4Av'2=*V'BV* = "V»C, 

lached to the -wheel of a. carriage, by wnion w»- ^^ 

to two disBimilar tujd distinct organic pro*"*V^_al orig™ • ™S 
36 fixed or fat oUb »re either of vegstftb" * "^STin to '«™" 
and uzygen ; the relative proportiooH vMj Wi ot the >*" 

olive ajiid spermaceti oU ma; be aaavun^ *" iT^ia 
Ollreotl. 
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lOOO ,^, 

and seed of cert«ili planto ; they are ligbW ^on'tS"^ 
hese require a low- temperature for their c<^8*", .'(,( »tW'?°^ 
teat a temperature liiKher than the free»>"8 P™r_^ to w »*" 
;ud, « cocoa-nut oil. Some of these oils ^heneO0|^^fl«l«» 
ing a kind of Tamit^h ; theM are called tfr-V**^ "?i Ww ibf ^i*^ 
■9l>ecome raoad. as almond oiL AU tii"?**, , i.lbe WIP* 
te principleB, called ttearine and «Iain« • tJje ''^!L m,T 1« "f^ 
ig the oA, and from which the elalne ti- oUj P""^ wl *!*? ''^ 
"^^ "*^'^'"**' without decompoeiUoo- A» ' I^f}i»^ 
products, among which <»rborcttB<fhydro^«^ ''' ■fl^TiA*''""^ 
•BO odB. when volaUl iiod and burned Tqv t^e •"ll^jS^ 
'^"' i" SI*]"" *^' """' '« highly important. »-'°TS^3)"«' 

w^^-^^^J^^f^S o-lyj the greater "Um^r,^,„H. 
vu«., iney are chiefly used in medicine wx* ■" P*""^' 



tl«"^'« 



«iy*-tfS 



3 cakes after they bave been crashed in the presa Old <»7 rT^j^to 
with a little water to make the oil oome more fiieeljBw*/! 

i braised seeds consists usually of cast-iron or copper p«o«r '^*r!„-^ 
7, 2978, 2979, and 2980 represent Ihe heaters bj naked nrftW"*""*^ 

seed-crushing mills, on the ^wedge or Dutch pua 
de vie-w^ of the fireplace of a naked heater. 

U tr of Fig. 297*7. 

section parallel to the line W of Fig. 2978. 
ace, taken above the grate of the fireplace. 

cast-iron plate B, called the fire-plate. C, iron ring-pun, rating on the 
hich is kept in its place bj the pins or bolts a. D, fimoels, irUchm^ 
ise c by the handles b b, the seeds are made to fall, from which tbej 
hooks c. 




"■evento the seed- *• 

seed are pl«cld^fj"«. on wEidm the liftere we fi*«* .^.i 
^P'?n«. or reliovi P'^^ure. latenJly by tbe fo«* of U- 

ad r>. m^rf^^'J\ seed - ." »k^ perforated. A the l<«e*«r J^ 
PruW and driving ^« 5am-block ; m, the ep-WR'^fe^. 

airs • rf ^t^ *"■ preaaea 

"'«d«e.' '^•°'-Wo5c ; jfe ^ilLPposiBK the flxMit of tbem to be rtaoni. 

'^^'^K or obUqae block, between the two 



ORTHOCHR.ONOGRAPH. 





ibB io»B>*" ' — *-y — 

„t.toii factories «!-«:» sj:>.a 
quBntity of y»ir» -Uif 
OPaiOMETE: 3 



, nothinr liBB been found to equal the bttt Bpermaoeti oil, md it > a mMtitn ecott- 

' A*"^ *° 8™»<i machinery. 

. «i«'T'* '"™«"™e8 gi™n to the rain-gage. See RiiM-Gioi. 

. th« ^\^'I r" ^ ■" apparatus patented in February, 18M, by SuDoel Wdl«r. 

ex« ^ir u J ^f*^t ^t coQBiHts of K train of toothed wheel. »Dd pinkas nrhised 

Sfl^ttr* r u^ central arbor, like Oie h»od8 of . clock, ind »dBtpI««o; 

S bv^nT^^ ^^ projocting- from the posterior part of (he toi i. ibwD. If 

:io^tt£ ™ ^^.l;:**™' the dial-plate of thi« appanita.. In d^Xtb* - 
-— ^_uioe or too much work has be*«i ^,r^.^^j ..i^JT.u.™ : .-^^ of the 




"^^"W the ex»^ 
eertampoaiy 

«•<* other fk " *»^»'* 



- -™ ^ ..-. J.T^l!'^ . ? «JaJ-plate of this apparatiB. In dregsing doth* it 

,u« .. «.. ro,r£S ;s| 5.-- r"o,"'s?-±?^„x:z;isKfS 

riDe beforehand by the dial the number of tum.»hich U.£*heel» 

■"""■""rofrfTSl^U^B ^"J"*^*" '"'^ * great many jeus empToyed in the 

i^ht or should he epunl oJ-^ ? ^* main-ahaft of tha mill, and of cou«« th« 

uutrument for mckHurino- ti, ' might be woven in the power loon* 

?= «^ ucrntlj for doterminiiu, O^ fcZ^.*?^"' "^ '*>® limits of dirtinct riaifflo in diffieww* 

«=»t-ntriTance for this puj5o*iP i^i't^B*^ "^ lenaea neceM.17 (0 correct impwfce- 

«^_ 1829,andu, the 0^^^;.^ ^^ ■'^*;''*' " "described in the\l»«&. <t.S<>i»«» 

:-**• principle depends on the J™^"*^^^'' *" ">« French tranJalion of J7««W» 

« larccdoo of ita a^u ; and the VSSf "'^'^ pre8«nted bj > straigbt line [Jwed TefT 

,^«w .^e covered with Wa^Pr";^ P'" » <*rried into WSmV pl^iLgToT' 

^Pf,"^'? *« «y?- An i^^^^A""^^ to be di.ti>«tly»eed,w£enheMma 

-oBted by Dr. Young, "^"^^^ent for the same purpce. (i a diffettot priwifde, 

^Dielrj, a straight li,,„ j_ ' 

■hich ia cr"*'- ' ■' - "■■& anii»». *■ . , 

^_ Theeiu 
,-, »>-n a plane 



^cuuiciij, II straight lin.. j 

-^hich ia called the aljsoiL^i^ ^'°'° My point 






perpendicularly to 
■- --^called the »■ 



'^ioZ^ «r "^T" ; «°d. wheJf « * ■? <letem,ined whe°o il> distaoce 

><3B-fl'^'L i^us instrmnent ha» 

for iu object the (ucertainiog of c«re=' *" 




B property ia d^ 
' s Bolar ray. UT 
>per oae, a, tuaa 
r^ulor lines, for 



r^d from the 'oterBectin^ - 
instniment coieista of t * ''iiTilin 

aperture for the Pa»8a»r'°>°ri«M.tal ^?^. f«o «t two joints by the ci/i"I«' !«»» 

"««rv«t.oos. Ti^- ^1, ^owerl,^A, b*. tht™ «ir ot mm> 
^"^cr plate A is eopported V • P'""' * 




OV8TER-OPENER. 



^"itaSr^jrt^°*ti*'th^'*«'y to f*U into their pUoee by their own ^W^IT * A 

**'^1hrX'Jl^r^'*"'%'*^.t°* ""^ eduction ports are i^ide open lyOw'iw'V- 

:*»«« „r^jr^.?f J? *■ »* ^'"if "-d of the ab^e, (whioh will tiftui=a to o-FU/r;,, 

» fcWMn tC dUU^™.^ jt*'^. »»"»'«.) »nd renmin wide open to the ball *»tft or » (., 

™ distance. , A they are closing. <the order Sf tl.. teltm repf««tiiig IL 




«^l.e ™otion"o/^^'^a^thro^^ ^^ *>^in toopentottareMiMeodiof tbeeylio- 

:»^ umcatioM by the valvf ' ""^^eraed. bv I^^- ^ *• "W^ ""^ '"PV^J of "t**™ » "^ 

■j;p.e.rceive from the nro^^"-""- ^ P«^^JaUy or lotaUy doaing Hb pM»e««, or 

■ "^^^-^rtption tK-. -v . 



■■»-«*»Tt=» umcauoM by the ^a.W%"„ ""^verBed. bv i»r^- » *' "^ ^^ '"PV^J of "t**™ » 
- »- i » ^*i^f * J li^™ ">« P'ecedin d P-^tiaUy or lottUy cUig iha pM»« 

t^^ *^jy^ind" w'iirS, ^ ^p^g^'^^d" e?h;^>^*t the improvemeirt cowieta in the ? 

.= -K^ «na of the cylinder Wi5ltl?'¥'» the" " ""^^ be ansiered. th2t the Weof 
»z- 3—--^ «-^ ^ **« ^bout seven i^ k* "^^^ «• ci«derabl^li7t th. i 

" "nches. No donbt the piilwf-rod 



I the grater 
' dkee- 



Iture, and mtm~ "■ 
'Btcr«, which ^ ^ ^ 




« *-»c(w«, of 1849. eihH^^Sst th^ „_ J^T 

:fc.«ve engraved. Fi^. aa^'J^d i„ P^^f'^paive oclJe^. 

-» Darrow rtces,. of a ^" ""^ "^ne pnj "« >f»str.,l_ '^^ >np*nhHnicnl tafpni muu be exerf hed 

""^JoiQt atit" 'mife. whU. on dmwmg the hro 
">e BhellB, ud divides them nt ««»■ 



PAPKR MACHINES. ' 



*?\ 









The Bon*" - ^r^ 

prevtoualy bo« » ■« »i 
Fig. B9BT a trxm-ra^ 




J^P-ACTURE OF. Tm witbin the last thirty yeara, the linen and '^j^'^S^'v 
■lade, were reduced to the panty state of coinaiinution requidte for ""*~Z wboC^ 
B^ith water, and Bntting the mixture to ferment for many dayt in dose ""^^ 
-t, in reality, a Bpecies of putrefaction. It is eaay to see thai tie otS^" f^Xj 
»^= ttuHunneceBsarily altered, nay, frequently destroyed. The nejt DiitW «'"("/<« 
-^»gB into a pulp by stain ping-- rods, ehod with iron, working in eWmg tisi mctu^ m 
' • =«el tnaohinery. So rude aud inefFectivo was the apparatus, thai fortjp"" of •""'P' 



pparatiu, that fortjp""i 

:pariDg one hundred weight of ragi. f* P'l'P'J 
paper by metboda similar to those still pncOtw 



,'in!^*,'"2'-°''?;".';y' *^^ cylinder or engine mode, as it is called, of amminntrag up 
I Wvented m Holland- whii-h nriu> «w». -iv« .j i ..j :. !?_..-> .^\„i,\ib 






top with wire-cloth, o 

18 attached in a slai 

iig their (luBt 



first washed t 



iHble- 



» aCTTnC^"""^"?*!".™ '^ ?^ sorting of the raga into four or fir. qnililies. 

Aining- about nine mesbes to the square inch. To thn B»n»« 

'g position, against irho«e sharp etbe the i^ are col into 

.m™w™»..* ,"""''el''y shaken out through th« wwMlotli Each pi«» '» 

.mpartment of a bojc. according to it* fir^ueu; SBV«, or e^l »ru being 

►"diametiri^vin^ ™tl°'l'^ /^J-Hnder surrounded with wjrMinlh, ibsol <di ft** 

«« from b^ing c^'id reon^,-,,^*;^"'^*'^ '*'"» -ttadied at rigfcl aDgl« to 

"•''"' ''T^.l^-„'M^'-|t^eH.'Sut^ " '■ 

next reduced ii 

ley, to cleans* 



»se, and beat them duriog: its rotalkio ; so 
by the side door of the eylioder, and tra""" 
■*- - pulp. For aiB paper, tbej should be 



■=l.ioei9 shown in FS« 2»a« on'^^t""*® '^^ separate their filameDti. 
-«o section, taken leSihwLit' ?h^* 1* 98. and -2999. Fig. 2998 i. arid. elo«t«*;. 
Btnwiae through nearly it* middle; I^. !9M a plan Tie* rf 




Lpper end of tl« ^* ' 
[%icb are places- ^^ 
»m**,by me*:— 
>-wercd at Trha^t-"^ 



>naecti[^'rod there in ' ^^^^"'"'^nnwiinA 

^M^/a roffers i i, resting .^r^^^Piece or K 

e^r rale i, desired for k1 ~" * fi^.^*°' ca^-TV;"* turned pjToia at sad. rad, npj 

™' •*'oakin ° orst of a]|7n^**- which is made to reroi'e. Tb* 

"*^« «>e abr^^.' ^ J^ash the r»e» a short tims. the- ^ ^f 

™ bo laaiotninerfal the lowest point ** 



PAPER. MACHINES. 



■^ reTdvea. K is the bre««t-roUer, round whidi the eadleea wire tunia .^ BO*»f\ 

mnotion ig given to the maclune. M is the ffuide-roller, haviag iM P^j fiui^ 

-»:~me wire «nd keep it pttmU^tl. L is the pulp-roUer, or " dandy," to pf«« . 

^ ■-£**■■■ 'isUiepUbe of the eecond, ^hen it is used. His the fire* «-«^F™* 

»r»« ^ire lenTea the paper here, which l&tter is couched uprai Uie endlMS.'^'j.' "^ 

^«tuma, pagaing round the lower couch-roUer. By Mr. Dookin's happy m'*™"" « 

^^m^r^ obLquely, tbe water runs freely away, which it did not da vehen tblir aet *m ai 

— ^^ *•>« deckloH, which form the edges of Uie sheet of paper, anil pre'eW "i* Hp 

^ ^""ir-f' '"'«? regulate the width of the endless sheet // are tht revoliif^ ii«We- 

^^^«=«kle.^jc or driving-pulley, ffff are tube-roUers, over whLch the wire p»»».'l^ 

^^ ^-m^ staking motion ; and A A are movable rollers for atretcliiiw Ihe wire, « bmi c«r- 

^^.■^e roUera yj, in a proper pOBitioo. 

-^7^^^ or dry press, to expel the water in a cold sUte. KK,4c..«re tbe iteam- 

— ^.. L *"*"''" «heet. ■ i are roUers to convey the paper, jj we roller. lt> eaodoet 

^_.^»_~„j\;""PP^'^,"'«' J'^per. and preveat it wnnkling or becoming cockled DDare 

^^■^j^liw. .S?i. r , ■ »tf ^^-dried paper webTon? only being i«d M . time. «nd 

■;=-..^are ^Jl , = '}^ thfur B^ing-fularunx. F F F F i« the frame of tbe michiue. 

^E^^'^uZ^ ^J'"\::''i^ ^°*'''=^' ^ "^ beautiful luachinc. ITh,, we cuDDWed rf 

"^^ t^'^n^in*^ *"re^^^* %*^ ^^^ ™"«'-' L U of a forked shape. «,d (he pi.ot. of 
— . *-»a vl^a^y Uteri! n.oHoI;'' ^Z't^^ <;«rriages in such a mad^eHhat tbe X mig 
■^^■^ J :» ole weight of the roll T t^J^^ '' P'^s^esses a free vibratory motion npn-arda and 
t-^tr^ «=u]ty bnnerly exneriei^^ ■ "^ """ ^^ *^* endless web of woven *irc 

■=■ ■«*» remove the miSaturo f "" ttT^ Paper manufacture upon the ciwtiDUDUs system 

""■^«=«infng what is caOJed ««*«!" *■•«' pulp and condense it with suffident rapiditv. •» 
" — -^- Hitherto no invenSo^h *^ '^ """^ *■*• pe"nit the web to proceed direetfy to 

^^~~Mr^-t± perforated pulD.rolJ^™,*"**?^*"'*'* so weU in practice to remBve this difficulty 
"■ «^ '^■^ ""are (see 1, ^ SOO^ :?".'i'S' "*■ M^- John Wiliis, the partner of Mr. Dontaa- 

_»-»^<^eB wide, it must be abo.,^«n ■ ^' ^'K- SO06) "a required for a maduDB «tk* ■» 
:*,,e.iia over or beyond each Jh^^ ? »'^*^^" ^""S- eo that iU eilremitie.(M. Fig^ 3<X» 
*»^^ ?^?^^'' ''^'' 1-lath of ^ i *K "^^^^^ "Pon which it is laid. IlsdlUDeter mav 
»^««-**^ the thickness of the c^*^^ "^.^J*"<*c, are made it. every inch of tbe tube ; and 
»--«^^^t»'™^>-med tliroughout tl?., 3! . ^*"«'^t*"gularly ebaped tool A nw*-"" of 
^ ***? ^T*""' *""* °' ^ i" the ^^*'°^*t, le^K'h of the tnbTA similar w"*"^' 
^*--^, *'™^r^S!'°'"'^ ""^^ ^«n Vre™ i** ^^ ""« opposite surface of the nietaL wbK*. 
^ *^'^,k,!^ ™ *''« '"»«*<*« nS^T^"^ *^ **"** P"^ As the latter sr«.vee«^ 
"^i*^ *'I^Tuh.'**°'"'y^"°rehoi%^^.","*^.0" the *outi^ eroding e«± other at ojiht 
^^'^l t^ve^d "T^^^ *>? M.ot1f™^*^"« * series of sir^^itSmper rib.-, tkef- 
^--^'^^J^^hStl^f''^ ""^ Pi«^^ of nw .""^"f '■'t* coited^^tS«t*"<»Wde, 
'^O^rAte'.^n'iri^^-'^ ^-^ '^ "'"«*' edge, of aU tbe rib. mt-t »« 

■^^"'^"^e't.^*""* ** rf'oV'th^^.'^PP*'- ^^^- FiR. 8002 abc*. the erterior,»d 
*'"-^f^o7or^?t B r'^"- C C^^r^Pl^n part at each ^ tie e«Js, where it i< ^ 

"^ Sit at V C 8?01 ^ ""<* pivot i«fi ""^^ ^'th arms, and a ceutre-pieee u. ^ 

_ .^3B or Ihe roller. ThL'^i^T*'"' >'• P>-oJ;,V^ P'^*«^''««ive rno,:^, U^ll ca"" ^^ '""" ^ J 
:i i^ on of th. wotpr. J~«u„ il!.<.,4b tl."''! » "oodoniiS^ ™.i>r»i«,-<« "" 
%—^'J^' .Bploj. . „„^^ ^^^ "»" "1~ .cqmre. Vo .ppar^, .1 pmU." *^ 
^^i^'dV-ribod ir, ,h, "J""* "''°"»«>>e «un„ „,«4i™,wba.»««'Pl«^ 

-»T^'°S." VJi'*" "' 'iS?^"* Pottta^ S?^! i»Ke,.i„„ „„diao,ii«,orii»»w * 

..--I^ he bee experienced : "P?" *<> amilv .1^ '^ *•'« Pa>t;«l void eo m to te remwtaWT 
_ i, . me dehdlod ilVui"^;;? »™-£fif of ,h~J°-i KiuTO i S^.«» "' >" I« 

^ ** ^ M and N^*" '"»>« " «ho«Ti at IL lofiwj^"/! 
** ^ If. the former being an eitemal. and <J« 



PAPE» MACHINES. 



»»' 







The ^V^^ ', 

wbich operate! 
ui a ^ et state 
sheet of pape 
by becoming -^ 
Messrs. DonkL 

enabled the m.. 
In Fig. 300O 

Bide of the in» 

tanoe between. 

forated with a. 

cylinder, in ©re . 

The priucipl ^ 

consists in causi 
f ?,^ to revol 
^'th a vessel 
oeconaes genti 
"^'ckness^fK**-^ 

^'^ of j^ '/««- ^ 




^ Aew. Here we see that the external tube is the ribbed TCrforated ons ^^, 
m^i the inner tube beings made in rows to correspond with the groon* j^/k 

»-Cributed that every hole in one row shall be opposite to the middle w i^^'O^A/ 
m ^ the next row, as will appear from inspection of the figure. The otiOJet^r' ^ 
^ somewhat exceeds the widtb of each rib in the inside of the outer cvUDaer^nj 
of this tube coincides with a row of holes in the former, which coostnict^ P^""^^ 
i orpercolation of the water out of the pulp. At each end of this {foubfe-csse gri- 
^t K^ P'**" without, and grooved merely in the inside of the outer tube. Toe 
"'s the brass ends to be securely fixed ; the outer edire of the brass ria^ fits tight 

end of the cylinders. ^ . 

^wl ^^^^ ""gs there are four pieces which project towards the centre or axis of 

wnich pieces are shown at a «, Fig. 3005. in section. 6 ft is a brass ring with foor 

^h\^V^^^^^^^^ "^"^ '^^^ outer edge of the last- mentioned ring is also tnroed 

^Ih^t^^^^'' ^ *** ^* ^^^^ interior of the former riog oo. The two rings *rc 

is mLf **" «^'"^^s- ,^.* '« t»Je hollow iron axle or shaft upon whidi the cylimfer re- 

^ of rtlJ i^i'^ "''t;'^** so as to fit the circular holes in the bosses rfrf of the nog* 

« «in«hl/^f K "^^ ^«°*^«' »^ *»*« hollow shaft be so fixed that it wiU not turn, the 

XI ttir^I^.^L? Y'°^ a rotatory motion given to it round that shaft Thismotioo is 



eans 



« of^wo'^-.fiKS^'i^*"® ^^ employed. But otherwise the cylinder is made fcst 
fnf a 7« Jf«^'*'i**?*P^ .T« "^^ «"d of tlie cylinder, as at p, a toothed wheel 



icating a rotatory moti^Slo il^ao^^oi'Y. ''^ "*? cylinder, as at;,, 
berwise R ri«KK»T« ^r° ^ ^\ ®*^ *^at Its surface 



to 

is 



Oi-coarj,^*'®t^. 

Since thl ?^»- 

'achinea. 
Mr. BickiT^so: 
lachinery, in 
Aper 6tuff aa ^ 
LHy fiTBt mover 
be first drum ' 
>ressing-rol le r 
>res«ing-rol Icr- 
if fo contact -^ft. 




:Aerwi<ie a nihhi»o> «*^^4-c — r"^, ""^ m**!.!. mvh s«uriace motion shall be the same as that 
ptilp is Hi Wed "f Bn^"^ ""fl?* ^"*"^' ^^"<^»* ^«"W wear and injure both. 
loviSg alon^r T^e l3« *" ^® ^*' ^' ^*&- 3OO0, on to the surfiice of the cndlesi 
ieve. separating to a cerf-^^^^ ?'^' SOOO, show the couree of the motion of the web, 
^^rives at the first liTrr^? degree the water from the pulp, yet leanng the latter 
-iee«ed. Thick panefin ^1 Pf ®^"?8r-''oller8 H H, between which the web with it» 
■1.1 led. from the greater ritt^^*"^ through Uiese rollers, was formeriv often injured 
xnder, as above described K«^ ^. water in certain places than in others. But 
burer to turn off a perfects .ftf:*^^^"***^*"^ vastly the dischaige of the water, and 
cJiatelj below the perfora^H ^ i™} ^n^ootli paper, 
opper pipe is laid, of the s«r^^ i'*^®*"? ***^'"« »» a wooden water trough. Along ooc 
eingafeout one-fourth of aTTf^oK ^ "® ***« cylinder, and parallel to it; the di«- 
M- snaal holes, which transm?* ^^ 7^^ ^*^« ^'^ the pipe £ici^the cylbder is p^- 
^'1^ hi Tu ^?5P ** ^l^an duri*^^?f"* T^y J«*« of watSr agaimt the iorface of the 
^i^lli^H ^^"? ^'9kinson for mal^t^^ ^*'^^« continuance ofthe process, 
'^nd li^"^'^ ^''^^ ^^ylind^r^r P^P^r- '« different from that of Fourdrisier. ft 
^ H If-'kl "^ ^*r^^^ with tb^^^^^ted with holes or slits, and cohered with w«^ 
*l^d whetl^^i*'^ ^^"^ of pulp ^h£?i'"^'LxP"^P' so that by connecting the cyl«der 

,<3er 

y\e, paper niaiiufactureV"^^. ^? *•**« drvino-T^iV '"' 

:;\d in the bouom of VV^^ °'- ^t^iner^?^ ^^ »> F*- 8000, which h« p^vedre^ 

^ tbo same plane thM ^°* '^ery cl~^\' '"^tead of wire mesheg, he use* a icne, ol 

ihem of fr»£. uW 1 ^n??* «*" each blr^>^«*en ao tt^t the upper •'««»«»'"*! 

--« paper stuff toU Bt-il?*** *« l-lOOth ^'"» P«mllelVith its n«?l>bor, l^»ing P«; 

^ t.r^ of hemp. Sa^ ^^"»«'>- Aa thj^ "f »" . inch in wW*. ac"***"? *° '•* S*"*S 

' ade, the len^ of'tW."^'?-. •*«=.. mixj* 1* ".'"ff » knownto wiirist of an «»«»W»^.^ 

inert. «« foiled >^<^'<I ^brS S^^^.^:;'"* ^»ter. JJ,^ '"Ten in the polp of jrtud. 

•acturer. Mr. Ibii^^T^^'^ntly the K^™'''^^ e«ceedLrte diameter of the meAe.« 

_ uaed in the laachi^' '5?P'-ove<l k,w«^«* ""d most useTul fibres »«re former^ 1*» 

p«rf«ce long rii^ oi?f '98 its fib *i'l^°"'-<'rini. 



« ; in which Uro li^U„^ ;^*t^ordin«i*"^ .*«* 



bas been introiiu^ into Br. 

'J^i''"'f if"^" jVoiio;;;^ b^,°'"^i«Hry'!^i^1f^ *^ ^ce two sheets of pulp by mean* of 

endless felt is cooductJ^T^i* or drur^T ""^sa. T^^^ala are LbetappMi with 

^f /h^ sheet Of ^^;'* V guide^-^j"^ -'^ '?«de t^%;S]*to „^ tfMven by 

''^"?.^ ''I^i^'^J'tTt^n?"!? fi^m i,^'!;»9d t»ro,i^hr^I.to conS^t with the drums: 



^u^h^ into contact 



e fcU^'thl ^^^'^ P^'?^ ST ^'^ * 'Be^iTcf ^^'-^'^ to Tbe feU. which, p-«^"g over . 
e lormer by the preasii-e of u^"*^ «*^e^ff^ ^'^rn wliich is in coiitact'Tith another 

* *^ owi, , !>« from the second dram, and it is brought 



^^e two sheets of paper pulp thus 



PAPER MACHINES. 



^o 



;^^ j^ ACHINES, regtd€Ut€M% of. It is found in pmetice to be difficult to regulate the motion of 

^^Viier, ^^^ other machines, in common use, for the miinufaacture of endless paper. When tke 

^-n^y *^P*? ^'^y machine is uniform, an acceleration of its motion will mate the paoer <Ai«, 

. -tffcX"*^**®** ^^ make it thick. Hence it is of the utnaoet importance, in order ia make paper 

' j^lit »nd thickness, that Tirhen the flow of the pulp is uniform, the machine eball moTc uni- 

^Jj^ same speed. But if, by any contrivance, the flow of the pulp could be ai^gmentcd, or 

^^^^ in the same proportion as the machine moves slower or faster, it is eyident that the 

►Ifittion between its speed, and the quantity of pulp thrown on, might be effected and main- 

\&gc^^^^^J^ ^^o modes of obtaining the requisite uniformity in the thickness and weight of 

jlieefc of paper suggest themselves. 

xl»te the speed of the motor driving the machine. 

" ^^^^^ 9 ^^ ^^ P^P ^P^ *^® machine. 
Vfc^S^*^*^ of constructors has usually been directed chiefly to the first method; and hence we 
'^ ^^ ^^^ioe-^neels of paper-mills are very frequently Htb-toheeU^ wasting a laige amount of water, 
^^e selected and uaed on account of the regularity of their motion. With this object alfo it 
.-^^«fcri»^^y "^® practice here to employ an independent wbeel to drive the paper machine alone. 
A- t^«^P*® „^Tf ^^P^^y been made in this country to r^ralate endless paper macfaines by the 
'^t:kio»» tmilU ^ ^^ **P^P reguiator^ have been applied with considerable success in 



fSact, a desideratutxx to p; 



liave 



t,<^^ 



eA fr««li ^^j ^^ ^ procure some unobjectionable means of effecting the regulatico ^^ 
in^Sn^ff 5^^na J. B. Viollet's ./ournfl/ <fca t7«we» an account of a mechanical can- 



vas c 
happ^ 
It ^ 



f^^<^ fof this object 

-^^.r-C — ^Tf ***"• wiaJtifl^ endless paper, by Me99r». SANDFoan and Vabeall, mechwicd 

"^\^ner rn^^"^^^ *^"*® ™*y ^ **^«° ^ render uniform the speed of the motors which 

"* ?^p«l ♦ • *^^ notwithstanding we usuallw- establish for each of theac machines a 

fiTtv of ,^fw!r^*^ ^^ '^^ >° the best provided works, it has long been impossible to 

^^^ Julp so ^t th *^ * harmony between the movement of the endless cloth and the feed- 

^ -OcB-^ ?eaSt*»r1 i^ col- P*per may possess uniformly the same tliickness. 

^^ iiai^ - ^ll hftmi VI '^^ imperfection, consisting of a marked inequality between the differeot 

^ t\^^ irja m^,om^'^^®'"' ^^ consequently, between Ibe sheets into which it is cut We coo- 

l»^*^ #S^™ a^ feulf on^ ^^^ ^°'^ * ^^^ **"* *^ *^* ^^ exposed the manufacturers to disputes 

' ?^it^ .i^Tti,?Uj!l^L^^ thTmachines, and consequently, the strength of the paper to vary, it 
Zi^^^ Ije distiibed!^^ <»PP08ed by the materials were not constant, or that the stream of wster 

'^ ^T^^eSi^^in R^*«a1^*"*^ inconveniences th^t Sandford and Varrall have invented the 
€^ ^^presented m Figs. 8007, 8008, 8009, 3010, SO 1 1. and 8012. 



3007- 




. ^naratufl consists pnncipally of a wheel R, provided with a certain number of scoops e, whidi 
this ^KjTdilated pulp, elevate it, and pour it into a recentade, from which the filter e conducts it 
t»^® V? ^t for working the paper machine. The motion of the wheel R being connected both with 
into "1®T^ ^ater-^J'®**'' «°° of the endless cloth, it ia easy to see that if the receiver aooelenites, or 
tb»^ ^ Ufl motion, in consequence of some variation in tlie level or quantity of the water above, tl»e 
retardf/^ the revolution of the scoop-wheel R, and the motion of the endless cloth of the machine, wiU 
T»V\^;Ua proportional sanation. But as the sooop-^heel /w each of its revolutions poura theame 
«**^ *-*t of pufp '^^ ^^^ 'V ^^ **^® machine, i t >« «^»^«?^ ^^^^ ^e feeding on of the pulp will aoe- 
^^antity 2,^sA proportionally to the velocity of translation of the endleaa .cloth, and tW com- 
meo*;,^'^ the strength of tb® Ff Per ought to be cooetant, so long as we do not change the ntio betveco 
^"^ Siitit/ of p3p fur«>i«*^ «>d the distance moved in a given time by the metSic doth. 



PAPER MACHINES. 




^tJTTING. The following machine for cutting paper was contrived by J.DidiiiBOD.of >Mh 
' onp*'' ■* "°"0<J "PO" a cylindrical roUer a, Fig. 3018. mounted upon an arie, lupporttd iatn 
^^ stsTiclard. From this roller the paper ia ile breadth is extended over ■ taaiucUB^ drum h, 
^,r«»^V*Mi up*" *" "^'^ turning in the frame or standard, and after paBsing under i miAll piide^uDef, 
_-,-m.»«]5^~th'*'"^'' * P*'' of (irawing- or feeding rollera e, which carry it into the cutting machine. 
ale*> ^«s«=*^ t^ble ii firmly fiiad to the floor of the buUding, there ia a series of cbiBel-cdied imi<e« < e (, 
it Et^c»«» ^ ucb d«"'»°<=^ apart as the dimensions of the cut sheets of paper are intended to be. Thtst 
•^ "^^ ^*' ^ ruaJ* '"* ^ t^^ table, and aninat them a series of circulttr cuttets /ff, mcHioted in a 
•-"'^ — *" -- — !"•— J~J • "■"a length of paper bein^ broi^ht aloog uie table over U» 

i'5K»«:*^ "" " ■ ■" '" '" ""■"" "■ 



V^^'^^.^ «^'^-£H»*' ff^' "^ intended to act 
'g\t^^ "^^koi"** "P t" » atop h. the , 



^t^tionaij k 



the length of paper becomes 



into tliree separate dteets. 




,— ^« ^£^i^ carries the circular cutters ///, baiWB upon n very elevated u 

ita^ -'*"^ *^^J'^«=e^atricormmt,fi»edn[inal 

'^hS '^^« It, which may be driven by iny co. 

T""*' ' draw the pa»»r fii^ K.t--n ft,, J.u„^ 






;, and bring it up ti 



A .v" may be driven bj any convenieat machinery. 

araw the paper from between the rollers e, and bring it up 
* passing to aod fro of the swing-cutters. 
i 'eiy ingenious appara- 
; the paper web tr»n». 
"J desired lengths vu 
tD» f rt ot a patent %y i '^ 



— ^erformii^ 

wnce ^«**^ i" "" elevation, taten „,^ 
manr 30lr'eJie,'°"«hiQ«i ""d Fig- soil 
¥iC-^^ of ^ioal JBctiMi^ a a a a are four 

leeU. fpaf^!- »» tie ftameworVTriT 
a^^ %^S»g^ web of felt doth p^': 

««"tbe roJj'^^^itt the under side o?*'" 

ill be dra-«rr. ~ 
% fr^^g-baod i^ 

: »dvM«* or ^' 

aited during the 

amw the pin 

efesttotheend 

rhispmisset in 
*. which a,- (^ 

Wiadju^-T^ a acre" ""''^ '^'' '»''«lled 
jjj^fioedpj ,e_ apon the fkoe of the 

Saduat*" »^,bla distances from the 
bK ff-^\f,bf the ecceotTKity of tha 
*»^ y^Aot couree (be tl^w of the 
■t"**, ''Jl^ be considerably .»>™d. The 
cr*". ■ Twl i is cMinected bJ 't* "^J »<> the 
t**^"^^ curvilinear rack *• ^^^ takes 
B*"fJ^thed wheeH tbft turns freely 

into «^ "^le of the foed'drum * e. Pmn, u„( wheel the amis m m nse, and bear one or more palls •■ 
u^°^(^k in the teeth of the great ratchet-wheel « <^ mountwl "pon the shaft of the dram t 



«»s 



*^ 41.ll- ■ 



PARALLEL MOTIONS. 

■»>I« bar. AS D N, of some foot in length, (ban to slide in ft groove ; for, tbougb tbeucdeunbeJ 
-*■- J X? ■"''" <leviate a little from n straigbt Jioe, yet the error produced tberebj- wiU k w raj 
""■^-It ca" ^y "" ^^J effect, or eTon be diacovered in ppw>tioo, 

;™-*'_ „,,in-*"'B'"^ thtre are various n^odea adopted by meana of joinled rod*, ^ diSetent ban 

^ 1^^ j nbove, for csmiag tbe piaton-rod. attached to the end of tlio beam, lo move in a ainugin 

:: "l" alth""f''. "ot ii]atbcmiiticallj> correct, are Btill so very near the truth at to answer the pa- 

^^ ■ ■ * J eXC'^^'K'j' well i aucb a aystem of jointad rods is generally termed by engineers a par- 





^-iS- , Jhfl^L^^K ■ ■"'^'* *» »'»»«> ■"'ta three poBitJona, vit, at tbe miMe and the tm 
. ^^j"^*^ Infl »™u™ tlr*"^ ""« »* "f *^« "^ formeJby the ertreraitj -f the beito, a lemd 
n^* ■'"f i*.«»- ^ nJ £ n^ attached to the beam is made tu move in a line bisectiia thU vibrBlMi; 
iKF*-»"^^i^«^.u^nr,!f"!r'*'fl'o"ie beam aF.erfia the line io which Iho rod owEl to move. 
i*^ ** i« ***» ^„,;,™'f ™"'."ndingiheleriphof the radiu9-rod O*-. and BhowBtkprami^^ 
,"*»»^'Y>»'^J.cHt7if ilT'^ *■? jointed rodT are founded; a P is the beam, ae « Btrap,™ enJiJ 
;■ ■r»»' ,t^*''Ln nnii ii^ti ""^ ""^ piston-rod is attached Bomcwbero about the ini4ilc,«*ia; 
' a^ *';'s t»' ,:nni„,^' .f^Pff'tiMs, and while the point 6 to which the p^ 

r^*^«'*^ »»*^-^-r.^()!. ™il, J ^"^ tba eiTCle pasfuna- through those poiDts will bo the poiM to 
,«J- *■ ri.<^''^i^thern,L If llw'X.' *B strap at c, ebould be fixed, and tTie radius of the circle viB 
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<«.ft is Bootber plan "f a parallel motion Bonoetunea used : the method of fiadins the kurlli d 
r>8- ^n - and pusiti"" of *''" P^"' !> » the very same as that described in Fig. 801B. vii, by mMine 

ri^ roll uc .^^ three pus it l""*' ""xl marking the pine** "^ the poiDtii eec of the strap, while the poiiH* 

tb« *^u',h« pi-t"n-r"<I i' **'/"' '," ""P* 'n "« sim« straight line: the radius D c of the eircle S^m 
.^b-**!" J^nMtefwill be the length of iba raJi""-"^- ""■ "" '^''*" of the same circle He ponl 

tl>r<'iW'',.*r.Uul<l be fixed- 

to **"tl)8l is - n«U«l of -^"""^ the p 



le pistim-rod to descnTw « straight line, ofUn adopted in fi»Afr 
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^^Jr 




^xjLxm. 



Fig. 8026 sViowB a "^."^l^uS^ *"^ '"'niit«^??>etiine« adopted in land-eiwiiies of the amtlU J.^ 
It ta «j«=eptible of great ^^JJ^? of *»>« >C^ s^venU m Jficationa ^ ™""'^ 

In tluB figure A "S^t^^ias-bar bM »*» fixe^, • B the beam, supported oo a wckiiig4w !,»{», . „ 
aWe centre at D^e ra^^ ^ equidwtant fr^5f Otre at a attacKS to the f«minglf the^ •■»?!- 
centred to *»» *»»°i '**^a-rod being equ^, ^>t^ the main cenfre/and the point of .tt»ffi ?»^ » 
ptttonTod. Now the r^^a ^^ ^^ bean, ^^ »UUf the wdiu. o/the beamfand the laS?,'" ?^ 

th^tr%t%^d<Ca>tog th^- it -^i^^i describe t.. 7 - dj™.^^:^^ 

simStaqeouBly ai^ are about t^e <^^ D up^Plaan Uiat the niaw centre/ of ^bMmm«td«cril* 
comparison to'r«dii/c and « c, ^^e m°t«»n of tl^^ ^h.d. Hi, earned. But ^»«Tf*w/D beiajg^JJ^J* 
to bHn a right Kne. as if it were free to shde itj*. "»^ '^^^ may be suptweed, without «5Cm? 
to move ho?i»«taUy through a given space d * honrontal groove. But t»'f««"™/ being «tt,,2S 
travel horizontally ^ugb an equal space io thZ^'* * "V*ke of the pisfem, the end a of tb» kesiTiS 
an arc about the centre/, describe the chortj « ** same direction, and will therefore, instead of (fesoftiwl 
is the thing wanted. **« of that arc^paraUel to the choid of the are »e,,Sg 

This motion and its modifications are foun<j, 
to sUde against a fixed poin»?, ^S- 3026, ^, .y on the principle that if the are of a semiciide be mde 
straight iLie zp, the other extremity y wiU j '« one ot its extremities x is constrained to more in m. 
first **eacnbe another straight line 7>y at right titles to the 
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"V bo apDlied {„ f ' '«'" J^ne. fulfils th« T^.^*^ is allowed to' traverse a small are, which, devi- 
^ARAi^^ ^^<»w ^ys. * condition with consideiaWe exactnesa. The same prindpte 

^!^,^ S"^„?* ^^^^ ~In**rti'^' ""*' l^Jonging to each of the three conic sections 
"^<* PWport^OTiSrS^nii"^ oHi^te • in .t '",?'"'»■ *« Parameter is a third proportional to the 
"oto Ae J^t^„^3.' ^•'noter and'its *^*"'l»e ""d hyperboh^ the paramet^ ofa diameter is a 
F-ESmh^ 9""""ty which ent^ t^''^^ The tem is also uied in a general sense, to de- 
*om the Tert)c»l'^-.?"y ''eavv boSr!,, *?* equation of a curve. 

^P^oo ia ^ ^',t'°°' ""xl theTfet juFl?''*^,''/"' '"fle^We rod from a fixed point, be drawn aside 

*52t which it would hi"- On wachtalT^ ''j^ ^.**«'°<1 in the are of a cirxde oTwhich the point of 

s^*^ ^ <^ns^t,e^''%'''^^d t^f^lJ^^,?^^ " ^^ have acquired a velocity ^ual to 

«^.yed; ai,d//-^o"*'?f« of w&ch it wKT '«^% though tbe vereed sTne of the arc it lis de- 

a" '™ "PPoaite aide Jrf> Ji.^°«e than wavi^ i T^*",™""* '" *•>« "^o "mJ until the whole velocity ie de- 

^ ^ir*^ tWenrf""® ^e'«cal ^t'^K*^'?" "»"" ««te pkce when the body reached a height 

h^^^. ^^ f^aU^^ ^'^ «o conS^*^ ^* ?''«'" *■""" ''''''*" fell- II"vi'ig riached this h^t 

J^^3^* *° «8t i» tt^ °' "-e air S i° ""»**« '*'™''0'-; •>"» m consequence of the friction of U» 

^t^^^' "ad the nf-^^'^'c*! pisiw^ *"«^ve excursion will be dimSushed, and the body soon be 

£^r?* <*e other if^^® f«>m the »« . "^y "'"« suspended, and caused to vibrate, is called a 

Poiot, aod'iL"*! v-e8tigateS«d an oscil^^' distance from the vertical on the one aide to the greatest 

***ui*5tt ** '^s^t^ed^i^^ »«^ev^of^<'.'f';« "^o'jon, the body must be regarded aa a gravitoting 
'^"* "oc^lenthJ^^ ^'^'^nnine t|,r*« ■> ^^ » denominated the 7imp/e p^uhU^ and tte 

-"« «>»tJe of terreof^-.i" °? °^ * P^'nt constrained to move iu a circuhv arc io 

•cstnat gmvify. 
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found V f^^HiwT"""^ ■ \ 

jj^^ ad^fii^eth^* to be, ID general, nearly as 100 to 61. M tU ,^ 
VTben the coijij^*' be 100 inches, the sum of \}[iit lei^ of the fATk **" 
^ -u vA- « nne or taore of ^e cr^8.*^.^*aation is found on trial not to be perfect, ao ^7* 

^pphcahon 0/ ««« yf'^ determining the tl^ion of the relative foree of gravity at different / 
There are t.wo metii^ ^^otute lengSl of tht^tive intensity of gra W by means of iS^^Xt^r 
^tfiTa^Sv^^'u^: ^""accurately ^ta^^^P^e^d^^^^ 

•; . *r • w the formula i^'^ ^' "^ *' ^^ ^^ *^« P**^ *°^ ^^ «»nparatiye Wof 
gra^ty is then given by the form ^ -^y ^^ ^ inv^iabkZ, 

lum is swung at the different places, and the ^„^, ,/ ,, ,. .^ '. ^^'^^- 

* 1 / — ^^ *^^ttnber of Its oscillations noted at each, when thp «.i-#; 

gravity is given by the formula ^' = r^ 5,. :r»o 1. r *k . . u u. . « «»«*eftJat,ve 

•^ *^ -^ , -^/ **ch of these methods has been followed in the dfili«f*. 

experiments which have been made for the ».,, ^ ^ . , ^ , , 

the results of both appear to be nearly eq,j^^?pofie of determining the ngure of the earth; hot thoorii 
affording greater facilities in practice, is u^ * ^ point of accuracy, the latter method, on account^rfita 

PENS, STEEL, manufaeture of The n^^^^^^e^^J adopted- See Watchmaking. 
a few years ago consisted of a small hou^^^*^**''"/* ** Birmingham, of Messrs. Hinks, Wells, A Oa, 
become an immense manufectonr, giving r^ ^n one side of the street Now the establishmeot has 
week, turning out 35,000 ^oss ofpens ^eeL-i ^ °^™®°* ^ ^^"^ hands, consumii^ 2^ tons of steel per 
The meted in Us crude state.— This cotj^j^^y, or 1,820,000 gross in a year. '^ 

its granular structure dense and compact, y* • ^^^ ^®** quality of cast-steel, made from Swedish irtjn, 
are clipped across into lengths from l| to 4, ** w in sheets 4i feet long by 18 inches wide, which sheeU 
and placed on what is techm'cally caMe^ ^ ^Uiches wide. These strips are packed into cast metal baxa» 
process of annealing takes place. Aftej* t^^P^* ^^ ^'^ sUme oven, heated to a white heat; there the 
barrels, where, by the friction of metallic T^ ? ^^va^ of this roasting, the strips are placed m rerolving 
edges are removed They are now re^^ i^rticles, the scales caused by the anneahuF and the rough 
revolving upon each other. A man M^tJ i/^*" *^® rolling-mill The rollers consist of metal cjlinder^ 
between the opposing surfaces, and th^ K?^^ attend at each. The first introduces the strip of sieel 
of rollers it passes through several ^^^-ti^*!?^ ^\x\\s it out considerably attenuated From the first pair 
pressure employed, that toe steel, in/p^^ .» ^ntH it finally assumes the requisite tenuity. Such is the 
for unpractised hands to touch. The "^tw^fi^ through, becomes hotter than it is sometimes convenient 
ible, and has increased in length from 1. «> v of steel is now precisely the thickness of a pen, is quite flcx- 

It IS now ready for the « cutting-out t^or^^'^^es to 4^ feet 
f^^X ""'"^r of women are seated ^t K*^'" where the pen first begins to assume a form. Along this 
jrom the ribbon of steel ITiis is don^ ^enches, cutting out^ by the aid of hand-presses, the future pen 
nartfr^®' o*" 28,800, per day often hoiiZ^^P"®** rapidity, the average product of a good hand being 
iwio lorm the tube, and the points ao ' .^^? P^« *''e cut out of the width of the steel— the Uwul 
jf^" Cuttmg into each other as to leave the least possible amount of 

steel 5; ^^^'^om the hlankt are take*. * . 

upon So ^\^y a half-circular action r , Pierced. The flat blanks are placed separately on a 

i£erJ^ ® ®^ *°^ ^orma the delicate * ^®^®^ turning an upright screw, a fine tool is pressed 

AU ^ig t- ^ perforation, and the side slits which give flexibUitj to 

^d ^sec^^ '/. ^^^^^ be rendereWii?? !? *^«^°««" ^^ a piece of lead It becomes neosssiy. 

aide anH T ^™® annealed. ProceerlJ.f''^®?'-, ^e pens are consequently placed in the heat*fd osati. 

Xm ris^T'L*^\'";^^« of thT^i?« ^'^ '^^ r^*^°^ pe"« to the •' Lirking-room - upon t«ch 

of this ^ yeight by the action or*? i*"® ^''''anged a multitude of young women at work, each of 

Se dav^' wt^ *« n^^^ to thaw cu^tin ^°^^*°^ «"^^«°'7 *"ow8 it to-^fiiil on die pen. The rapidity 

name of a 1^^^'^J^ /^*^«« ^l ha^d 0^*1?"* ^^^ ^'*'^«' ««^ ^^ marking many thousands of pen. in 
The ne^t!^"^ '^^^^'^ ^^ ^^^e^thrJ^ ^P®™*^'-' **»« ^^^of the peH ia stamped either with the 

convex t^j jfr^^^^'^ ^e raUir^ ll^^ * "^^""^ emblem, <fec, according to the fashion. 



convex tool Sropped „ 



cultv exoerlJEr^'^^^'^ ^^ <^e m^lT" ?^® «'^^«' '* ^ ^^^ i«to i tube of the required sliape. 

pi-eventS^^^^ '"^ ^^^ting Tr^i^^l.'^^P^''^ ^^ value of the pen. Those whrrecuUect llie diffi- 

^i^ing.r<^^ f^r^S «^ a met^^ „f,^/^'' '" * 9"'" pe". can undeVstond how much 1«« easy it is to 

^ith JidHSd hi"*/!.*""^ them once mo^'^u '^^ ^"* preparatory process after the pens leave the 

o^ oil. wbe^'^J'J^l^ ^ » ^Wte hea^T^ *^^ '^"^«' ^^ ^^"^^ they are placed in «..Aall irwi boxes 

tttem crumbL Z. • *^**«Oaical artion^^ lu ^.*'® *'^®° drawn out and suddenly thrown into a large tank 

'-^'npered orh^ ^i^^^^ ^hen nrpTiL^ k . ^^^^"^ ""^ the steel, the pens attain a brittleucss thai makes 
I'hi/Z ^ ' or broufrht K««i. f^P'^^'^sed between tK« ««,,««, Ar.^JZ^: i ^^ r^^^. *k« ..;i ,u^^ .» 



PEROU8SION-CAP MACHINE. 




.^^^d-roDtn. On the opposite face of thie collar is the cam c' of the elov»t« fefd E E •hid., 
JZ^ .oclriiig-arbor E'snd arm a, roiseB the elevtiior e. lifting the capsule outoflhefi." ' 

*' ^ J by *^^ spiral spring a a a, F^. 8028. N ia the anvil on which the t 
"j^^i** preoBcd ; it has an adjustiug screw and nut 



^55"«>«« 



h the elentn mt* vhil* ft 



PERCCrSSrON-CAP CHARGING MACHINE. 

^us»ed the front rellem. m is a lever to open and close the feed-roUem. AH Itaw pmts ire 

-^ ^^o » m£™<'l« Pl^te K, cohering the front if the bei«A K, Ac 
■^"^^^f^- — ^™ "P^'enal la cut in ribbona of audi width aa Trill admit of tn 



from e«li lengtbwute ; but the machine may bo B 
'^ ^a to work from nbbona of any Tridth. 



of twti rrrm of Uuib or ttui 



istructed without & 




—m- 




-_/" " ribbon being iniertnJ . 
^oA ^.o^ssipelycutnearoneedi f"""''"''™''™*'^"""'''''? "'s™''™'™'".''^*""''^ 
w. (not shown ) =\ ^woughout its length. When not enough surface remains (W 
I atope the niaclii.i'* *!?' ridden upo" its surface, drops off at the end, and br 
"* "" """ "-^ • = ~.. -g projected bj tJis picker J down 



jnb^" 



iPer » 



pu.rig.juai u^""^ Each star, as soon as cut; it 
ing A previo'uB ," ^^^ ^"^ "^ ">« tran^fe''. which 
i(8 return its „ against the gage f vnder the 
luenlly aweep, Pt'"''''"S ""^ P""'™ bejond the 
.,..- tfov of the dirp , *" rtnr depuaited lO " oT o" 
it lo the formiagji™''. *"'' ""^ "='* atroto of th' 



* „^ter dri»^*^,,e stor-punch, so u.?.'^ "hile another star « being 
tianarer ^^^^ (xj_ t-""^ uiaj ^^^^^ „„, j. in the thimble 



droPt^i 



Only 01 



U.r^ps"^*' */'f receiving-tubeXi *heu<^ thTdri-er j k,cta .t .nto 
?2t mWb ^* elevato^now einkl ■^■?*n.) which '?>'>"?«'* ?■ Jlj^ 
i^^-ir- 1^1 is clear fcra„otJ,er«V''« '^'"^^ "* 






irrungenient of the Tneohanism above 

"""-' forth, 

blank 



Q [ID' 

nsferring apparatus TTTT-, 
»' ?*; iSfp" t"«"« P»""" ■; "PP""!. •nbVS.nV - •!»■. d,„rtb,d ■»'' <»"-"><• ■, " 



PEBCUSSION-CAP CHARGING MACHINE. 

-jjrtb of " tooth, and in that poaitioi. -ui icmmm ■—>'-" d 

ft. Durins the other half of the reTolution of the inain-shaft, the peripherj of ibe amS 

preM back the upper end of C, and receding towards the shaft penntU Ue weight T'w 

^_<,e.^d« the upper end of C and carry back the ratchet U and tbe chkiyer E TTi* chaTKer, in 

— .^^ ^ '^^Lck t" '*^ starting-place, depoaits a charge in a cap, ft« before described In tbis mannct llw 

<A*'^^iT-» J"?" c»P* P''^'^ " ">« series of apertures in the ratchet-wheel A recaive their reipectiTe dnugei 

^*'^r^J,B-»*'^ureB i" Acmrreapond in number witli the ratchet-teeth on its periphery, and are »o»r™i^ 

^*^ *»-f^ J. fori'"" movement of tlio ratchet D will place one of the aperlureB in A direcUy nmler lit 

*r*»^ ^^'^'^ in the '"'>?■ '" '■tich the chaiser E trarerBea back and forth, aa before deambad 

*'»"^^fc«:««2^^jj-,poBi'i'"».i» forced into the caps in the fullowing- manner : On the oppoaite tide of the wheel 

»-I*rt-v,*i> "^^^vio ttiBgoxt^B two arms project from the standard A", which arms embnuM jouinah K Uk 

Cr*^"^ ^ v-er«>™>V™,^ The tube R eerves aa a jruide and supporter totheahaftof the puMhwteA 

.A- -^ <^" «^ j-omp™"""^-^'" **>e cape. The shaft ia composed of two cylindrical parti, whkt loUte ■» 

^•V-^B tl»*' -^eelyiPjna down in the tube R The respective parte of tbe shaft aie cconectsd to McE 

«^'^rVt»»^yj ^^thelubeB. cc are arms secured to the moereiSa of the respecUveparta of tbe diift, 

»V^,£,r ^."^^ oot throuBh vertical Blots in the Mdos of the tube. TTie extremities of th« am. t f « 

rV.1 e*:*-**^ to e«h other by the (^rew bolls or rods 6 4 ; the blaok porUon of the bdU play freti j » 

»t^ »»I^rf a.o<l P°'^'^f"l'>«V'»l apriug embraLri^ middle porUoD of the tube R, the end. of wl«i 
•^^ A. **:l™'i«»»* the »™er within the bolts i 4. A ring o looeely encircles, tbe lower end of tnbe B; j 
hAM^ ■'^^jfci ep"°f:™™'«*l'e lowerendofthetub^tween tbeloworeupportingaimandtberiagf 
^^».^*:^ti^t? "«»'"?^ .tl-o lower arm ,, forces up tbe punch-ahaft. 

!f,^C»». ^K-ar «Dot'«"« "oparted to the tube R ajid the punch by moans of the beTel-pBoii,made&rtl» 
'^"1_ r«»*^,r cV?» .,r . ,'''"^''*"?'"'°"l>e'-el cwwhoel O oo the main-shaft The puodi is of -uch i 
the « J**^ *^ * «^ r\ ^ "'.*° "■« ™P« : tl-e "^«' A "■ deptb exactly correBpomb with the depth of 
.l,n.«»^ - - **',Si,T J r"";'*'^^" upon a journal a made fast to the pJatfomi, and pawrng up ttir«)^ 

tha''^**''£'*,S«^'^™!ui!!f'''"^'^"' immedkloly orer tbe shaft of the punch ; the c«m S is rf nidi » ta 
.l,=fc «**T.«» C.1 tna loaiD-rfiift, The cum 3 atrikes agaiSat the tipper end of the ponetrtliift ■»! f"« 
!°tX.l*»*^^ eM^'Jf'PteBntng the punch with greet forcTi.ito a t»p, tmniedUtolv after tbe CM B la, tcttd 
S'JVa *?^-"'«"' S. J" .?■ "■• '*"K-' K "li "heel A. u belbr, d.aoribed ; lerieg tl. ti.. lat 
STr?" SW ^'JL^i"'™ ?• ""P«iOeu i^ . -p. reur r.volollo,,.. mora or I.U ir, b.|«t«l » ibe 

VS»«- a»«'',Joii«£ui,Jil, •''•'»l>."»l'"'^i« 1" at, .l,„t.d ^.iiroh«.|,il.tbe<«.B.,J 
*/^ «^ Jf^*^"^* K ™J!ir *" "'tchetD etanrer E. jatd wheel A, ae fcefore deaiibed. h wiiJ b. 

^.i'" «? *»f ^" S.. .^iti;!"' Ik. pu.«b ttSigStbe mediuu, of Ih. epriug. rh..l|i«l J'l- 
S >"'^S»«" • ™ iif ^Z tl^ '"rmg S( the p3..P<" «he oo,opo«tloh la the otn „ tb.1 J»J1 
S^^j^.'^Sd.S '""*'»*/"" S%-"i^'^-^ a- "Ju'y "ill !<.?".."«.» 

^tSfo' •j;*?-" reSrS."^" ■■'•".d it^nedialelj «"' "d .parale. upoo the jrf II»1*": 
" Ttoo "»y J» "lor mrfeSTf ^^ "»■"•• the r«i O te d.eoeud um Jt^reouely with Ih. pei* Im, 
iVH car* ^, uw" . T'i .i ^""tu ua™, ,>,„ fl.„rh of the cap. which retairM the earn, and rmtenu 
£ e«8," .r^ «"™*.. 'l '.P™* K,?,'„^ the .«a /.ha. ret^a. th. a™ upeo thelUi 

.v.. cap "^tr f ^J"" luuuou «> be nnn_„„ . ,„ .be wheel 

! V*-.re thro^^out "f U.e ail^,..„.. in the wheel A after the operation of ch«^ngl»(«« 
--- ; A caphorisontsl tilting-leTerisJHiHtii 



d, the extremis of*''^ vh fartheal from its fulcrum joint terminatea in an 

end of It supports thn vertical rod X. which passes up through guiding af 

ointhestantinm 4, , rjog y acts agauiBt the under aide of the ehorleil 

tains the roa x. ^^ » wheel 00 the maia-Bbaft, (rom the paripherj- 01 •u-™ 

„f tue »" V tiltioB'"*™' '■ " ">« main i.aO is revolved the tooth e will atribe against thelqiof ll" 

«oiect« '•■^f ^u»e it to tilt the lev^".'??" Jnoment when the wheel A ia stationary ; the dlliagof 

Vod X '*?,;ogB the punch againat the bottom of » cap, and throws it out of its aperture in the wbefl; 

^e*«'^' is tliro^^ "P"""" '™ "prioif R' (rives it a lateral duDction, and conducts it into the ftinnd tf 

w ^" ^^Sje W"!^' *° * '"^ "^y *^ Sionected to coovej the caps to a dntwer, or other luittblt 

rSoepta"^"" lUc ^ap* mar be pUced in the apertures in the wheel A by hand, or by the unBg-mut 
Tl>« „ wing described parts, vii. ; i-. -^ a hopper in which the caps are placed preparalny to liar 
of the '"r^ted in tbe apertures in a by macbincry ; the cape fall from the vitH-ating shoe^ at lb« 
being ?';?Tbopper, into «" 'nclmed vibraUng groove— the tubuUr portion of the caps patting inW <*« 
base o> t" . thB flanchee resting upwi the sides of the aame. The periphery of the rotatii* bnab H' 
groove. *°"^|y [n conW*;' ""h the aidea of tbe groove as to prevent the caps frona paiaii^ the «W 
comes """"tu^ are inserted in the groove. Tl>e inclined groove u aecuret! by a pivot at iW 



--r.^t.»PP«»4 



e?A'.r^i 



,;bleCODtri«Dce. 



inserted m the groove. Tl>e inclmed P«ove u secured by a plvotat iW 
^^ sUdea freely oo a BapporUog bar. The shoe and the inclined pwi 
a connection »Uh the ratcfce* l*e1' "• ""* «•« "f the brush H' bj any ui 



^_0 the groove ia vibrated, *■•*" "■!" *" exiled down the steepest portion of f" 



i 



pEltCUSSlOir-cj,^ CHARGING MACHINE 





. ^v f -. tooth. •»i j!^ half o^hi^ -w^ retain them duriiw one-half of the reToluUon \f «, 
otU«.UngtV»^ •^^^.e °"*^r end of o /^Volution of the mainXf^ «*« P«npbe,T of Uks c^*^ 
mam-shaft. »«r^ tbe "P^If C and c2 **»<! receding toward* the shaft permit* tU wdgitTto 
r*^,^ ^ aI Sr^pP** ***^^e dep^S^ bwk the ratchet D and the charger £ n, cbli ^^ 
*"' '°';^ to S^ Ki««-P^^' of aCri!, * clS^e in a cap, a. before de«nW. In thU ^'^ 

Th« anerttmss in A <»"*'?^t of the ratcK^r**** the ratchet-teeth on its Pffpoeiy.ona areioutai^c*! 

S^tr^Tc^^axd movemeot^of,^ ch,^*^^ wiU place one of '»- •I^^'S^rdtS^ '^'*^ 

aoerture in the tube, lo w»* j^ can« • traverses back and forth, aa oeiore deembed. 

^T^mp^itlon iB ^^"^i^prlTfr^ ^^ f^^^^^^^ manner : On the oppoeite «de of the wheel 
A from the magazine t^o ^fJ^tSL '^\f;^«n the standJd A", which arms embrace journals at tl*e 
tnds of avertiSl tube B. ^^^^ 1?!, ?^ «« * S^"'^« "^^ supporter to ti»e shaft of the puneb whicfa 
forees the compo8itioiv.iato t^e ca^w^ i he ^^ .^ composed of two cylindrical narts, which rotate with 
«!d phiy freelyup and^d^T^ ^Za^^ ^ The rospeTtive parte of the shaft are connected to each 
otheJ aid to tk tube B. ^If^^^^^^r^d to the Wer ends of the respective parts of the shaft, 
projecting out through ^^^^J ^^^ ? /he sides of the tube. The extremities of th, armi cc are 
^nnect^ to each other *^^. ^, "^.^^S^tlv .^^ or rods 6 6 ; the blank portion of the bolts pUy freely in 
the apertures in the »rmj: ^^P^.^*^^ they pass. ...„.• 

A iUflF and powerful helu^l ^P""« f mbra^rthe middle portion of the tube R, the ends of which 
bear against the arms e e ^^X"/" --^*ta 6 6. A ring a loosely encircles, the lower end of tube R ; y 
is a heUcal spring encircling tne wwe e^j^ ^^ ^^^ ^^^ between the lower supporting arm and the ring a» 



ivuvw Dpiiug i,»a^--^- iX-ror arm c *• ^* ^^^ luoe oeiwecH M 

1. acting against t^« j^f t^^e tf^K""^* "P **»« Punch-shaft. , ,^ ^ , • . , ^^ , 

* A rotary motion is *^t^u:^i^^^^ H a^d the punch by means of the beyelpini(i,,made fiurt to 

the upper end of R, anci worJcmfir inw> a u. . i' . _ ^ . ._ _t.„r* ti.- — -i. ,. ^ «.«,k - 

shape as to fit accurately into 
the caps ; the wheel A revolve 
its centre. The edge of *^® J^ 
the surface of a metallic block. 



A rotary motion is ^V^Zvxv^ into » V^ « and the punch by means oi tne DCYei-pinio^ lawc i^^w 
the upper end of R, ancf ^?'J^^Z^ ^evel cog-wheel O on the main-shaft The punch u, of euch a 
\ shape as to fit accurately "1*^^;°^^^*^ : the wheel A in depth exacUv corresponds with the depth of 



Boape as w ni accuri*^^ v ■- - - -- . tHe wheel A in depth exacuv curruap.uu» w..u ^ «^,,.« -. 

the caps ; the wheel A J«™^^f "f^ ^ journal g made fast to the platform, and pa«uig up Uirough 
its centre. The edge of the wheel "^U^ediatelj^mder the punch ^ej^ over and slightly re«U upua 
the surface of a metaUic block. . ^ r ^ 

S is a cam on the mam-shaft, "^'^^iateW ovfir the shaft of the punch ; the cam S is of sndi a form 
that it WiU pr«. down and have^a ^io^^^ I^io'i^'u^the J^S duri* about tljree^ ^ 
revolution of the mam-shaft. Ine <^»>j g .^^y.^ «™iSat the uniier end of the punch-ehaft, and forcM 
down the same, nreedng the punch tritfa gr^^JcSa aToKdUtely afleV the c«n B baa -ie-l 
on the lever C. &e ratchet D. ^^J^.^f.^^^^ 1 a?S deecrlbed ; d«ri°? 'S^TtoS^ 
«.e punch >a preaaed upon the «"f^«tion in a cap. four rerolutione, more or lea^ "« ™P"^fi^r« 
punch by means of the guidmg-tube It, ^^ ^.^^^ ^^ cog-wheel O, which perfects the -Jidificatmi 

^"^r^^^^Z'l^l^^^^:^, t'^.^^^V. „. drawn b«* by the lever C «- 
krer C^T^^ the punch out of the ^^ .^ .^ ^ ^,^^,4^ f^^7^^^TX 

^n?or att^^aS.^ ^ **° y'*'"* "^ gire'hack, and ^oinjury wiU be done to the n» 

the'X^T J'„r.*^ nmin-shaf^ ia pUeed hnmediately over and operates "PO-.tt^r'^Jl'K 
the ^Jd"nder^rfa^Tf " **"'^ tha rnH IT tn afl«n«nrf .im,At«neou8ly with the punch. fi>rai« 




«>e lever bri^Tuie «„. u *^^ '«'«•• "* «•« moment when the wheel A ia etauooaiy J."" '"^^j: 
«» the cap M^oim ^^I«^^ *^ »»»»<»" of a cap. and throws it out of its ''P^T^'^'^J^d 

Jroceptacte. ' ^ ^""cb a tube may be ^ected to convey the cape to a drawer, or other sunao 

'ne metallic , 
o^.the following 

t'^of'C^jZ i^L^^^T'}^ ^ by m«cC5.e.7^ the cape fiJl from" the ▼"«™t"« ^;„^ £ 

erroore, «^ tie IfaiiS^^'* '^^^ vibrating groove^the tubiar porUon of the ^^PV^^^fS, » 

come. « near, in^f* 'J^^ "P* the ^^ of the same. The periphery of the rototong ta*« 

^«« t4«> tu^°a^'5tf«t witli the ride, of the groove as to proved tfce caps from paaaing J^ «M 

^^ti:^ '■«• "PP^reiid^^ "i *« «5«»'«- n^cK-""" trooye ia secure/ by » P'T^"* 'JL^^ 
vifcratedb- J^Sa or - '■"'™ freely on a supporting barf The shoe and the inclined tS^f" 

""*«»*• o2t™^2S^ «^o>»J.ection with the ratKSfth on the axle of the brush H' by "^^^ 

"™^ -*- the groove iariteated, the caps are carried down the steepest portMo 01 u» 



PBINTIKO PRESS. 



Simi. miai-^HfuUrprintinff-fiutt:hine.--'Flg.sn4. ^^ "^ ^ cylinder, whilV^l'tPWriii^ 



^venient licight for use. One (wrson only is required lo feed down the p»Trr 
ThU Dinchine ig af *^t*'p f"'™ '*'« ^"°'- " "'U gi*« fro™ 2,000 to 3,tn>0 ioiprea^ioa* per hourTvriiti' 
.^Iioee piMition ia btJ* '*^i;l»"'*'/- '^"^ printed sheets are thrown out by n flj-franie in a uniform' pile 
perfect safety lo ih£» *^c^tTf-'^ '°' "ewapttpcr and job wnrk ia obtained by the patent fi'ed-guiiit-a, whi,-h 
ti"iri<i[pr Bufficipnti.f »*' _t>a. Wlien reamred. a reBiiterinff or noioline apparatus is funiiah«l a,^ .i... 



e 



lioee position is btJ* a.'^n'"-"?- "^'"^ printed sheets are tiirown out oy a nj-iranie in a uniform pile 
erfect safety lo ih£» *^c^tTf-'^ '°' "ewapapcr and job work ia obtained by the patent fi'ed-guiiit-a, whi,-h 
;egi9ter Bufflciently ^^t;'^^ Wlien required, a registering or poioling apparatus is furnished, wxi tlio 
re attached to eiu-tt V t ^dvantageoualy for book-worh. 
rew may then be H"^" iiJ **"* ^*'"'' "oanoer as Oie double-cylinder press described abare, with buffisrs 

The orBSS is m=A^ 'vent noise. 



The press is nja J 




pujpoee. 

The large amoimt *- V 

Y^t,re rendered nej^j^*"- 



, and (he consequent speed rwairnl 
material in all 4, p«lCtogeu2? iti 



48a PRIHTINQ-PRES8. 

(itmplicitj in th« mRchaniol atTnii!>emeiit9, nnd the ulmoat perrGCtion of workmanship. The noiBe uiJ 
anaoyanee occosioncd bj the concussion of tho bed against the aprioga, which are placed al each eni d 
the machine to overcome the momentum of tlie bed, Tim beep removed by meuis of adjiutable indit- 
rubber bufti'rs placeil at the points of contact, vbich in no vay iDterfere with the Uvel} and oertais 
actioa of tlie spiral springs. 

Patent maclmte card-press. — Fig, 3116. For printing cards and small circulars, this machine is rut 
euipassed. It ix yiot\s&l by citheracmnk or treadle, and will print from 1.000 to 1,600 tarda per hour, 
and may be used also for printing notc-pnper and small circulars. ItH feeding apparatus for tuii ii 
*eU-*ctiiig. Size of chase loside 61 by 6 inches. 



Improeed litkographic-presi. — Fig. Sill. This ia believed to be the best press in use for lilhograpliif 
printing. The side-mda and top beam arc made of wrought-iron ; the bed and stone are misol it ll>^ 
BCraper by a lever and steel cam, workio;; on a steel fnclion-roller; the impression is regulated bjJi 
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PUMPS. 



which forces outward the ram or hammer E, which, when released from the cam, a powerful Wlio! 
spring which ia inserted into a cavity in the outer end of the ram throws forward against the hnip U 
iron and upsets it — the opposite end of the loop, or ball, or bluoni being supported against the hmv 
ilanch F, which id cast upon one of the bod-rollers, and serves as an anvil against whidi tb upset Jr 
hammer the blooms. G, spur-wheel on the end of the shaft that supports the cam A. H, spur-pmiuo 
on the driving-shaft I. This pinion works into two others of corresponding size, one on the end of each 
bed-roller. This driving-pinion H being interposed between the two on the bed-rollers and the $pur- 
wheel G, gives the peripheries of all the rollers and the cam a direction the reverse of the neripht-n- 
of the ball C, and all being in motion no waste or abrasion of the hot iron can ensue, as the ball ojuit 
necessarily revolve upon its axis and be retained in proper place between the rollers and compres^n 
I, shipping-bar. J, shaft communicating with the driving power. 

AavantagrH. — 1. Great expedition in shingling puddlcrn iron, one of these machines being sufBci'-nt 
to do the work for 25 puddhni^ furnaces. 2. The almost entire saving of shinglers' wages. S. xN'o 
waste of iron— turning out the blooms while very hot, enabling the roller to reduce them toreiy 
smooth and sound bars. 4. Scarcely no expense wr repairs. 6. A very small amount of puwer re- 
quired to operate it. 6. The ends of the blooms being thoroughly upset. 

PULLEY. See Mechanical Powers. 

PUMPS. — The common pump. . Fig. 8123 represents a section of the common suction pump. 
A C is a cylinder or barrel, in which a piston P is moved up and down by means of a pistwi ri>i K, 
attached to the extremity of the lever, R H, of the first kind. In the piston is a valve t- liuiu? 
upicards ; and at the bottom of the barrel is another valve V, also lifting npicardM, A B is a pipe, 
passing from the bottom of the barrel into the well from which the water is to be raised. 

In the downward stroke of the piston, it plunges amongst the water in the barrel of the pump; the 
valve V clo!<ea, and the valve t; opens, and allows the water to pass to the upper side of the jii-tnL 
In an upward stroke the valve v closes, and the valve V opens, and, by the pressure of the atm-e- 
phcre, the water follows the piston in its ascent, whereas tlie water above the piston is pushed Utfo 
it, and thus the fluid is discharged in a stream at the mouth C of the pump ; and so on to aoy num- 
ber of strokes. 

If a perfect vacuum wcro formed by the piston as it ascends, the water would be raised, on an a^fr- 
age, to the height of 84 feet above the level of the water in the well, which is the height of a a»luiun 
of water calculated to balance the average pressure of the atmosphere. 

3124. 
3123. 




=4jCi 




Thr common fore i Tiff pump. — This pump. Fig. 3124. raises water from the well into the barrel on - 
principle of tho suction pump just described, Fii^. 3123, and then the pres>ure of the pi»t^«> ^"'^ 
water elcvattjs it to any lieight that may bo required. . 

Here P is a solid piston working up and down in a barrel ; V a valve, lifting upwards. plflW"" ^^^.. 
top of the pipe descending into the well ; v a valve, also lifting upwards, placed in a pipe ^» 
conveys the water to the cistern. . , 

In B descending stroke of the piston, the valve V closes and the valve v opens, and the vatw. o*'^^" 
pressed before the piston, is forced up the pipe D to the higher level required ; ou the contrary, w JJ^ 
ascending stroke, the valve v closes by the pressure of the external air and the water in the p'p* ' 
the valve V opens, and the water rises into the barrel of the pump by the pressure of the atHMJsp'*'' 
on the water in the well ; and so on to any number of strokes. 

The forcintj pump with an airi^hambcr.— This engine. Fig. 3125. merely differs from the pf'^'^^j 
one by having an air-chainlx-T ecv connected with the vertical pipe D. This air-cliamber i? » ^'"^.;. 



inio 



vessel, having the pipe D dcf^ceuding into it. and a valve v opening and closing its conimunicatioo '• 
the barrel of the pump. When the piston P descends, the water is forced through the val^'f f -^ 
the air-chamber, so that as soon as the water rises above tlie lower orifice of the pipe D, thea""'" 
upper part of the chamber is contracted or compressed ; and this compression of the air caiis*^' > 



Fig. S129 is A pump to raise water witliout any friction of solids ; tnaluDg use of qnickulTer iiL'iui 
of lealher to keep the air or valer from slipping by the sides of the pistoa& One fiinn of it i< n\n- 
aealed by tha tii^ure. A is the suctJOD-pipe. tJie lower end of which is loaerted in Ihc water to be isi-"!! 
llB uppi-r end tvrmiuales in the dianiber C, and is coven.'d by a valve. The forciiig>pipe fi, with ■ iilic 
at itn lover end, is also cuuaet^lcd to (he chamber. Betwe«n these valves a pipe, open at both eai-. k 
inaerted nni) bent down, as in the figure. The straight part attncbcd to it is the workiDg cjUndtt u( 
tlie pump, and should be made uf imo. Another iron pipe, a little larger in the bore tliaa the U't. jstl 
of the same length, is made to slide easily over it Tins pipe is clcst'd at the bottom and suipeadeJ bi 
chains or cords, by which it is moved up and down. Suppi^e this pipe in the poaition reprK-cDltJ-iiki 
filled with memiry — if it were then lowered, tho air in the cyliniier and between the valves woulJ tp 
come rarilied, and the atmosphere pressing on tha surface of the water in which tlie end of A is \ia<A 
would fiircu the liquid up A till the density of the contained air was the same as before ; then !»' nir 
ing the pipe contaming the mercury, the air. unaMe to escape Ihrougli the lower valve, would be fwcrd 
through the upper one ; and by repeating the operatiors water would at last rise and be eipellFd b ito 
same way, providfil the elevatum to which it is to be raised does not exceed thirteen times tbs liepili 
of the mercurial column around the cvlinder ; the specific gravity of quiclcsiJver being so maov um» 
greater than that of water. When the depth of the former is 30 Indies, the latter may be raiwd u 
many feet in the suction-pipe and forced up an equal distance through the farcing one, making logtibti 
■n elevation of siiity feet; but if water be required higher, the depth of the mercurial colaioD id ibe 
movable pipe muHt be proportionably increased. To m^e a small quantity of mercniv aaac^r ibe 
purpo)ie, a Holid piece of wood or iron that is a little less thau the cylinder is secured to u>e biluiii -i 
the movable vessel as ^liown in the centre : this answers the same object as an equal bulk of pinvuri. 

These pumps have their disadvantages : they are expensive : and however well made, the quimitf 
of quicksilver required is considerable — the agitation consequent on the necessary movement fwm co- 
verts it into an oxide and renders it useless. Great care is also required in working these mtchinci: if 





the movomenta are not slow and regular, the mercury is very apt to be thrown out ; to pre"o' "I"" 
the upper end of the vessel containing it is dirlied or enlarged. For tbe reasons above stated, <^ 
have never been extensively employed in the arts. , 

K a common atmospheric pump be inverted, as shown in Rg«. HISO and SlSl.ita cylinderiinmtw' 
in water, and the valves of the upper and lower boies rever^eil. it becomes a forcing, or. a>itH«"*' 
times named, a li/l'mg pump ; because the contents of the cylinder are lifted up when the f"''* ^ 
raised, instead of being driven out from bt-low by its descenL " In a lifting pump the liquiil i" a\f»^ 
from the tnp of the Cylinder — in a forcing one from tho bottom : it is the water above the jsfiro '^'' ' 
nised by VOe former : and that which enters below it, by tliu latter. The piston-rod in the iffiK '• '^ 
tadied to an iron frame that is suspended to the end of a beam or lever. The valve on the li^ '**' 
piston, like that at the end of the cylinder, opens upwards. When the piston descends (vhicn il '*f 
by its own weight and that of the frame) its valvo opens and the water enters the uppor p«n ™ '" 
cylinder, then iw toon as it begins to rise its valve closes, and the liquid above it iaforceJupi'^l^ 
cendtng pipe. Upon the return of the piston the upper valve is shut by the weight of the coliin'ii' 

it, the cylinder is jgain charged, and its contents forced up by a repetition of the i " 

of tiiiH lic^riplion are of old ilato. They were formerly employed in n 

lAflinjl pump. — Tlie modem form of this pum- " 

being generally metal, and havinjr a strong nancl 

with a stuffing- lioi in the centre, through which the polislieil piston-rc 

oiiuther to which the suction-pipe is atliielied, and whose orifice is covered by a valve 



I jMnw 



rm of this pump is represented in Fig. 313!. The worlins "'l^ 
J? a strong flanch at each end : the upper one is covered ^*^1 
through which the polislieil piston-rod moves i and the uwl" of " 



passing with ttiGDi. In other pumps the buCnient is obUtloed by tbe contact of tfie mripberiei of tii> 
wheels or rylinders. tbiit roll mi or rub Bgiiinst cadi otbor. Fig. 3135 is of this kind : while tb« l«lh 
in cuntuct with the eacU of the case net as puttons in driving the water before them, the othert ur 
titled to wurk so closely on endi oUier aa to prcveiit ita ruturo. Fig, 3136 eibibita another mudifo- 
LJOD of tlie Bame ]>rinciplc. 



■e 




Err't patent Totari/ >team-f nip If und pump, — Within a Cylindricnl casa a uJid or hollow drum A. 
Fig, 3135. in made to revolve, the sides of which are titled to more close to Ibosc of the tue. TLr^r 
pnijecting pieces or pistons, of llie snnie width as the drum, rire secured to or east on its pcrifJif? 
they we at equal distances from each other, and their eitremiticB nwecp close round the inwr tJi' 
of the case, as shown in tlic figure. The periphery of the drum rcviJve.t in contact with that oT i 
■mailer cvliiider B,from which a portion is cut off to form a groove or recess sufficicully deep W rf' 
ceiTe witliin it each piston m it moves past. The diameter of the small cylinder is jusi one-lhird IhM 
of the drum. Tbe axles of Imth are continued Ibrough one or both side* of the cobc, aiid the op^niri.- 
made light with sliifling-boiee. On one end of ench ailc is fixed a tuotbed wheel of the M 
«ter as its respective cylinder; and these are sogcered ii 



le another, that when the cruuk stud/i-l 





to the drum-axle is turned (in the direction of the arrow) the groove in the small cylinder rteri"^ 
succeMtvelj e:ich piston; thus affording room for its passage, and at the same time by tbr ccota^'l' 
the edge of the piston with its curved part, preventing water from passing. As the machiiK ii"orW 
thu water that enter* the lower part of the pump through the suction-pipe, is forced round m^ "*'' 
pelled to rise in the di»'harging one, as indicated by the arrowf. Other pumpa of the same ells' i'" 
mrh a piirtion of the small eylinder cut off. that the Concave surlaee of the remainder formi ■ o«^ 
OHtiun of thu case iu front of the recess while tbe pistons ore passing ; and then by a similar msdH'''' 
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Fig. 8140 represents another rotary engine. This is also a remvention. Like many others, it ota- 
sists of two concentric cylinders or drums, the annular space between them forming the pump-chamber; 
but the inner one, instead of revolving as in the preceding figures, is immovable, being fixed to iht 
sides of the outer one or case. The piston is a rectangular and loose piece of brass or other mcxsl 
accurately fitted to occupy and move in the space between the two cylinders. To drive the piston, 
and at tne same time to form a butment between the orifices of the induction and eduction pipes, a 
third cylinder is employed, to which a revolving motion is imparted by a crank and axle in the u?wl 
way. This cylinder is eccentric to the others, and is of such a diameter and thickness that its interior 
and exterior surfaces touch the inner and outer cylinders, as represented in the cut, the places of coo- 
tact preventing water from passing : a slit or groove equal in width to the thickness of the piston b 
made through its periphery, into which slit the piston is placed. When turned in the direction « 
the large arrow, the water in the lower part of the pump is swept round and forced up the rising pipe, 
and the void behind the piston is again filled by water from the reservoir into -which the lower pipe 
is inserted. This machine was originally designed, like most rotary pumps^ for a steam-ei^ine. 

In others the pistons slide within a revolving cylinder or drum that is concentric with the ertenor 
one. Fig. 8141 is a specimen of a French pump of this kind. The butment in the form of a segment 
is secured to the inner circumference of the case, and the drum turns against it at the centre of tb«? 
chord line ; on both sides of the place of contact it is curved to the extremities of the arc, and the 
sucking and forcing pipes communicate with the pump through it, as represented iii the figure. To 
the centre of one orootJi ends of the case is screwed fast a thick piece of brass -whose outline resem- 
bles that of the letter D ; the flattened side is placed towards the butment, and is so formed that the 
same distance is preserved between it and the opposite parts of the butment, as between its conrei 
surface and the rmi of the case. The pistons, as m the last figure, are rectangular pieces of stoat 
metal, and are dropped into slits made through the rim of the drum, their lengm being equal to thsi 
of the case, and their width to the distance between its rim and the D piece. They are moved by a 
crank attached to the drum-axle. To lessen the friction and compensate for the wear of the butment, 
that part of the latter against which the drum turns is sometimes made hollow ; a piece of bnas is let 
into it and pressed against the periphery of the drum by a spring. 
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In Fig. 8142 the axis of the drum or smaller cylinder is so placed as to cause its periphery to rob 
against the inner circumference of the case. Two rectangular pistons, whose lengths are equal to tbe 
internal diameter of the case, cross each other at right angles, beinff notched so as to allow them to 
slide backwards and forwards to an extent equal to the widest space between the two cylindera. The 
case of this pump is not perfectly cylmdrical, but of such a form that the four ends of tne pistons are 
always in contact with it An axle on the drum is moved by a crank. Fire-engines have been jdb^ 
on the same principle. 

Rotary poi^p^ ^^ as yet too complex and too easfly deranged to be adapted far oommoo om* ^^ 
make them emcient, theu* working parts require to be adjusted to each other with unusual aocora^ 
and care : their efiiciency is, by the unavoidable wear of those parts, speedily diminished or destroy^ 
The expense of keeping them in order exceeds that of o^ers; and they cannot^be repaired by otb- 
naiy workmen, since peculiar tools are required for the purpose. 

This remark holds true of all the rotary pumps we have seen, including Gwynne's, which is noiiaBg 
more than Dimpfel's fan. Fig. 1612, applied to raising water ; it is without the merit of novelty in pno* 
dple, and in practice will be found worthless for the reasons above givea 




this avoided when that part is fixed, for an equivalent movement is then required to be given to ihf 
piston itself in addition to its ordinary one. In reciprocating rotary pumps these difiiculties are STttd- 
ed by stopping the piston when it arrives at one side of the butment, and then reversing its mo^ 
towards the other ; hence these are less complex than ^e former. They are, however, liable to^ow* 
of the same objections, being more expensive than common pumps, more difficult to repair, and up** 
the whole less durable. 

Fig. S143 consists of a close case of the form of a sector of a circle, having an opening at the bott<^ 
for the admission of water, and another to which a forcing-pipe with ita valve is attached. A monbk 
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The following is tbe inventor's description, in which the same letters of reference denote the isme 
parts in all the figures : 

A, the double-acting force-pump, cast of gun-metal, firmly secured to the carriage-frame br foor 
strong brackets cast on its siaes. acit suction-yalyes. a'a\ suction passages leading to the cylinder, 
a", chamber contoinmg the suction-valyes, and to which chamber are connected suction-pipes a'" a'", 
to which the hose is attached by screws in the usual manner, and dosed by the ordinary acrew-«a{x 
The delivering valves and passages at the top of the cylinder are similar to uiose just meBtioned 

B, the air-vessel, of a globular form, made of copper, b 6, delivery pipes, to which the pressure-hoee 
is attached ; when only one jet is required, the opposite pipe may be closed by a screw-cap as oaual 
The piston or bucket of the force-pump to be provided with double leather packing, [cupped leathers;] 
the piston-rod to be made of copper. 

the boiler, constructed on the principle of the ordinary locomotive boiler, and 
containing 27 tubes of 1^ inch diameter. The top of the steam-chamber and the 
horizontal part of the boiler should be covered with wood, to prevent the radia- 
tion of heat c the fire-door, c' the ash-paa c" a box attached to end of boiler, 
inclosing the exit of the tubes. The hot air from the tubes received by this box 
is passed off through smoke-pipe c"\ which is carried through D D, making a jr^ 
half spiral turn round the air-vessel in the form of a serpent c\ iron brackets < • 
rivetea to the boiler, and bolted to the carriage-frame. <^, a wrought-iron stay, 
ako bolted to the carriage-frame, for supporting the horizontal part of the boiler. 

E, a cylindrical box attached to the top of the steam-chamber, containing a 
conical steam-valve «, and also safety-valve «'. «", screw with handle connected 
to the steam-valve, for admitting or shutting off the steam, e'", induction-pipe, 
for conveying the steam to 

F, the steam-cylinder, provided with steam passages and slide-valve of the 
usual construction, and secured to the carriage-nnme in the same manner as the 
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force-pump. /, eduction-pipe, for carrying off the steam into the atmosphere. 
/', piston, provided with metallic packing, on Barton's plan. /", piston-rod of 
steel, attached to the piston-rod of the force-pump by means of 

G, a cross-head of wrought-iron, into which both piston-rods are inserted and seenred by keys, 
y, tappet-rod attached to the cross-head, for moving the slide-valve of the steam-cylinder by means of 
nuts g'g^t which may be placed at any position on the tappet-rod. 

H, spindle of wrought-iron, working in two bearings attached to the cover of the steam-cylinder, tiie 
one end thereof having fixed to it A a lever, moved or struck ultimately by the nuts g^g'. h' a lercr, 
fixed to the middle part of the spindle H, for moving the steam-valve rod. 

I, force-pump for supplying the boiler, constructed with spindle-valves on the ordinary plan -.the 
suction-pipe thereof to communicate with the valve-chamber of the water-cylinder, and the deliTeriog- 
pipe to be connected to the horizontal p^ of the boiler, t, plunger of force-pump, tu be made of gun- 
metal or copper, and attached to the cross-head G. 

3147. 
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J, blowing apparatus, consisting of a square wooden box, with panelled aides, in which is viade to 
woik a square piston j, made of wood, joined to the sides of said box by leather. /, drcolar holes or 
openinffs through the sides, for admitting atmospheric air into the box ; these holes being covered on thr 
inside by pieces of leather or india-rubber cloth to act as valves, j", are similar holes throogh tbe top 
of the box, for parsing off the air at each stroke of the piston, into 

K, receiver or regulator, which has a movable top k, made of wood, joined by leather to the apper 
part of the box ; a thin sheet of lead to be attached thereto, for keeping up a certain compression of vr 
m the regulator. A;', box or passage made of sheet-iron, attached to the blowing apparatus, and ba^ 
nn open communication witn the reg^ator at k'^\ to tliis passage is connected a ooDdncting-pip^> 
Fig. 8147, for conveying the air from the receiver into the ash-pan, under the furnace of tbe bouer 
at ^"' ; this conducting-pipe passes along the inside of the carriage-frame on either side. 

L L, two parallel iron rods, to which the piston of the blowing apparatus is attached : these rods 
work through ruide-brasses //, and they may be attadied to the cross-head G, by keys at I'V- Iw 
holes at the ends of the cross-head for admittmg these rods are sufficiently large to allow a free mo^ 
ment whenever it is desirable to work the blowing apparatus independently of the engine. 
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obvious tendency of the motion is to bring the steam-yalye directly orer *¥,f^.^i "» mmner 
Bt«am from either end of the cylinder. S patented h«-e obviatei this '^''^^^^XHl.^ 
at once simple and effective. By a peculiar*^arrangement of tho water I>«««^_J^? Sjt g* 
s.«tancc IS reduced or relieved at or war the end of the X.ke. and tbua a °^^^m^^\U 
erated amply sufficient to throw the valve wide opea A modification of the ordiM^ o'^*^ 
tfae patontees denonunate a B valve, is shown iV the drawing, and serves to admit the steam 
. proper dutsction. withoBt resorting to levers for chan.HnKAe motion. , ,,„«-« nlmt P ifo*" 

The pump shown at C. called L do,M>-aeUna plu^Jpump. consists of a plunger or plug r. wor 

""^The'Z^e'of^Se^ ^^''' "^y ^ ^'^ adjSb,TnfcSy. ^ , . ^ ^^^ upon ^ W 

ra^a^r a°'coti^rntXtnS"^ "^i"?^ H^ " "^^1^^ Il64 w^h T fflnTio it. pl«. 
bv the single bolt Hi ii I J'"*' covered in by the cap A. t ig- 8184, ^™5" '--_„« a great source of 

T*Voin a nomr^kl^*. vj. , ^ ^"®™ '^^ impediments is avoided. j.^^«„f 

^radvSSK^^dr t ^ !»*«"*'" "" '^r^ ^' '""izied^Xii » -«- -H^; 

ite ifcction mnwr.„.„ i?,^ .' ""* Pump are many and obvious. As a '««®°Jf" *i:|_ mrf coovemaillr 
^nt^lS bv tt,e^ P**"" ?^ "^"Ptation to the wints of the boiler, and more readily and coo 

TlSe mDorta^l!^'°''^^*»° ""y other now in use. . . - fo,^^. ^^ fato the 

boiler C Wn fcu *" ■"•^^Pendent power, separate from the main engine. f^'jS,^ el«wh«. 
n^rt' h^ be^ m5 ■.■"* «k°owledgSl in all countries^ Upon the Mississippi B-^a «Me 
^^n K^<,l!^ ?^' *** • crank^nghie for this purpose, working independently^ ^^^/Zm 
fol: e xuS^g'*^ '^""y be--e a Uw thTt e^' steame? sbaU be provided with «nple 

m»tc^dn^ a^ «*f ? '"°''°° "»• not ; and it affords him. at the same time, instanuweoos 
'^ir^.^1?^^*?^.*''^'™ of water fai any part of the boat in case of fire. . ^-. 

bJldinTZfwh^ advantages an, obvious.^wLre steanu is only employed forbodm^orto^^ 
drivin" a »^n^^'^ *'',^ ^'»? ""<' costly engines usually provided in such «^ oTloTpressu^ i^ 

tosupplv^e bo1w~'"i"^'''^P'« in **■" construction, uses no more steam *^ " '^ffitiooordi 

rea^^i^^i^se'Tfif ^ ^^ tulf" .ecessarUy be. in sup^ying the boiler..itis alwaysat.^^ 

is ^tLcZd°toX' ^°"^."« ''*•> *1^- '««d.pump now in use on board of ourst^mbojte^^ 
those of the m^ Z^° «"P"« tluit propeb tte lUt. and its motions must, therefore, corresp» 

If any obstructing j" '^"«*er tlxe lomler requires water or not . ^^ ^ ngeoA 

which r^ay ooSf ^i'/'T^T^"* ««="'«' the engineer receives no ^i"™^^*""* ,^vS^ ^ 
•nd unable to n^^l'*"?'' ^ ^^, for safety If the boat stops at ^^'^'^^/^ » theWtotte 
boUer Yet thi^ .t® Power which works the pump must necessarily cease, and ^^" "nvge, tod 
u^ ihe otSjS 'J« ?^l "««=hine tHe engineer i? provided with for such an miportant FT»«' 

Such DUmDs alvT ^'"'* *o many lives are dependent .,„„„^H«1 witli hoee, « 

any otliS^f^eneral y useless ir» case of fire, being, as they usually F^^^t^ of'» 

aviil on boarHfl'^'^'w^'^^J"'^'^'' *«*i *' «"«'' provision be '^*»«-i''^°L'!^"rtl«bo.t in order 
to chock- the c.,«L '*"'°*^t« ^y tbe nocesaity that exists of stopumg the P^^^ "l "!-^ be bpi 
oo S for ♦hi^"' °^ «^' ^'^«* otherwise would increase the 4me^ ^"^ '°* 'iL^^Ke»« 
^h I" ,Kr^'« puriK.se of extinguidung fires if they l'«PPe°-^<>?» °°^ ""i^Sffi"^ 
issue of a doukfi,? "IT'^^^Kt '^^goir, when all are seeking personal ^ff^y '?^ "?'n«?,„«d«n.bU 
deDeiiden<S» T^..*''ort for the general preservation, such a machine wiU be found fjy% ^^ 
^^ ffl^Tn. Y9 they not be difficult of access at the moment, or out of order fro»f^X»of 
^^n^h?. 1,"^^ »-a"d '•o«« the confusioirtehich U always attendant upon such an oocasw. •a" 

PTIMP o1'S.?'«t they wiU be found and repaired in time to be of usci ^ _« .!« inTenW, 

f.jyivi!^'*K^^''ETT-S STEAM. The mechinical arrangement to which M/. Cairett, fte Bva, 
^rnJ^Z ^\'^<^ of " Steam Pump." is a clever example of the appUcation of steam-,»»«toM^ 
Z frl^n'^ .T""' "Oder any pressure, and for every variety of porpcie. It auppbes "" ■■?,R»*^™ 
so frequently experienced in engineering and manufecturfng work^of a ready means oihS^^ 
veying water supplies, without involving the trouble and expense of fixed machinery of cornplK*™ 
oonstructioa •^'^ » o >- r 

Figa 3166 and 8167 represents two views of the pump, constructed to deUver *«" .K?''"" P^ uu 
at a height of 120 feet, the steam power being derived from a two-horse portable higli pessim o"" • 
complete in itself and weighing under 6 cwt . ^-g. 

Fig. 3167 is a fixxnt elevation of the pump and actuating steam-cylinder, and Fig. SIW » », 
ponding side elevation or view, at rl^ht angles to the first figure. The steam-cylinder A aim h 
npon the horizontal plate B, which is bolted to the top of the two standards C. fo>™^ ,, T^ 
of the machine. TTieso standards spring: from tlie chest D. which answers as the base of ue wW ^^^ 
contains the influx antl efilux vessels for the water. The branch E conveys the steam to the eUde^ ^ 
chest P, yrtuch IB arranged in the simplest manner, the slide being worked direct from ""' "^° ijjj.' 
on the craok-shaft Jt The crank-shaft is carried in two bearings in the cross-piece of the side s 
arda, and is connected to the piston-rod I, of the steam-cylinder, bypassing the cranked i)Oi«». 
with a steel slide J, through the horizontal slotted cross-head K, of^the piston-rod. The latter B I"' 



PUMP, LEESHWATEB STEAM. 



pimp, „J w. b.„ lit,,, doubi K ii. E.n™ 
aad aptitude of BuroosH mill .„ , cneopncss 

ilk, Hmrlm L^t,, £uiS. "J'^'^''— ""'"!' •/ 

most economical mann;r n^j "P^^aawetimeUiB 
D.U,h B"™«.,"^S,°'/™'"K.'I?. i.k., tt. 

■»•>"• "^ "ft opo„ fi?E., „.™;7r "' S 
r.i;^'Lt7fcrKXsr; 4T'^"-5 

toniaLlng economy of fuef It «^ .!f ^ ■' ""v "" 

Xr"™' -'"■• -- A",air,'rj,-s 

The first of these enffinea ia nni., ;» .■ i 

b, BhowQ in Figs. 3168 f " ,„f """ '« operatKm, and 

tud« arc ^^hy^^Z^ ""^"'^ "^ '^ ■'^'■ 

™.e bottom X ; burtie in„ ^ ^'^ ""''^'' *" ""^ 
nt the top, a clear soan. nf i ?'■ °^^ "? ""^^ HlUiched 
it and the cover K '' ""^'' ^='»'^t'"g bet'-^en 

out. and the aniu ^..'''l** ;>" """^ f"'7 1>»'^<1 

large cylfnder, aistfn i» * ateam^jackel for tbe 
enveloped by a -wnZJ se^raeots— -w h ich ia again 
pcftt aSTea b^twe'n^^^ "^"^ ' '^'^'"e * ''^'^'^ "' 
pl^n'^t^^^647T'l '^Jlindcr C U fitted with a 

tu-ge cylinder A JZZ ^T^ ""^^^ ''■■'^"' •"'^ ^ha . . „ Th* irtu oi i- 

two cylinders aCTlJP"'.'' ''y."" annul«r pUlon of 10323-36 sqimre inches area, ^he mu 
Tbe internal w"^ deducting 4T2-8 square 5nche« for the thicknes.^. of small cjiinHer. "« »f "";.. 
™kct aCe^? ""■"•"I packings o7tl.o pistons consist of hard caBt-iron ecgn.ento •""""^■''^ 
l^h <Lt^^ PLT^-I dow'n by g!ar.d.. alao'^^a s^gnients ; the open «pace« in tlie pi.ton. « «e filled 
C-aHr ^Jr"^' *"■' ""' tops "*■ the pUlons have movable cast-iroo coven). . 

Ca^ "^^^..^i^i^^ iatoi;, are co.Ineoted to the gr^at cap or orc^-head O. by the mm r ™ 
T^Jr^at J^n'"."*^" diw"*"«f- ^n-l by fo"r small ^«. y. of 4* inches dinmotcr, (% JJi^ 
™ bTfi l^f ^ .'^ » ci-^"""^ l™«y » ft-it inches diameti-r. divided ioto eight co^P'^""™! '^ 
°!^i^'r^'«' cast-iron weight^ ; from its centra a guide-sfrindle z, passes through Siluffir*^ 
P^fr,^^ ■'*"'"« "fa great ^am of timhei- - feet square, which passed acrass the cngi«t«-;*^i 
""f^ ? "^ """s; there are two other gnide-ra<is\ which pass through stnffiug-boi« M if-^ '™- 
of Wie great cap Q, g„j ^^c secured to tlio upper and lower t-priog beams. . 

-'^'"n?"*-— Huapeiitled from the nrma of U\e great cap arc two 9-inch pluBger-polcs F, '<""' . 
ploOKer-easeslJ; attnel.ed to D are two i-alve-noMle9 rf'. connected with 8tan.l-pip«-* J. bj lMln«" 

SfH* <r ; the Vfllve„„3u,ies are connected with each olher nnd a hydrof^tatic equilibrium "1"^"™' 
_ from the hotlom of which a branch piece ia coDoncled with the stand-pipes d by the pipad . '" 
exteriOT surfaces of the plunger-cascn 6 are lume<l truly.*, as to allow the ring**-* t" i^l"'""?™ 
dovn freely ; Die rings ore euepended from tile great cros-hea.) by rods v. and are fiirmsbed vMcio* 
bearings, ou -whieh the jaws of the two nir-pump baiance-bcame E re<t: the inner ends of ihentaHn* 
beama move in a perfectly vertical line, mid the outer ends are ri(nii>«hcd with rollers working W"^ 
guides, to allow for tha variation of the beams during the up or down stroke. 

jiir-Bunip. — From (lies centre oftlie air-ptiinp b:ilahce->, the two nir-pump plunger pistooss '"** 
pended, (t-^. S159;| dinraiotor of plung-cr pistons 40 inches, stroke 5 fret; the two a'fP'°f?,'V^ 
united by a branch pieco with the bottom of the condenser M. The condenser has an inlwiDiiHii"*- 
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-The jump piston C is of a peculiar congtraction ; it i, compoeed of » wrooght^jron f^*^^!,"^ 
thmcic; 6nnly Uted to tbia p{«» ue two double eiwl^efof caat-iroo, «»"«*'.. ^"rf!,'!:^ 
t^rrir.^ '^'"' gun-meUl plates; the crX Blr^eupport t^° '"jlitn &S S 
^ 1W 't ^''"Py *'J^ ''"''« "«" of the pump when they fiST out, and '^*^^.^^^^, 
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1-4 ID. per square inch of the irpa /.f ff =w^«-."-«> ..u ui« F^.^^., -__-,^ity required upon ine u 

^i^mp i^a/m.lThrbS voT^I? *° '^^ *°?^^ ^ * *!,. wmdbore the valve beats are 

of wooci; and the valves 1!^.;!^^^" ^^^^ ^*"^"*° l^**' secured to the ^^^'^^'^^ „ot hung od 
fixed joints, hntJr^uZ.T^^^J'^''^ °^ wrought^n, 1 inch thick J^^f.^T^'^t^ot^eces, allo^in.^ 
a rise of U incL^ fkf ♦ *u I^ » ba^ , the ends of which are entered m ^^^'^^J'lLJZ^ ali 
it>™d. ^ ^* '^^ ^*^^« can rise altogether from its beat, and give a laige water pa«ag 

in length: each 
__i eleven pump; 
The loss might be 

Tk49 Jmiine.hn^.i: expense of increased friction. .. ,^ii_ ^.^ oUced the 

to disturb the eonnn!!; radiating from its centre. The eleven pump balances a"^^^,P^ ^ balance 
^e^n^nM ^^* «^P -^ ^he engine, unde^r which tb^'°^\;^'^etSilK with- 

out causing more tha^7tSi^f/T^ "^^^« ^^?^^^ ^^ opposite pairs can be easuy 

T/uf action ofih^^ ■ - ^^^^^ ^^ ^^^ working of the engine. blinder tlie whole 

of the ^^leVt^nf''^ '" rf "^'"'Pl^^ •> the steam being admitted into the ««»^^^,%^H^^^ 
1 sLam beln/cu^^^^^^ ^'^^^ ^ ^.e great crossW ^e ^^^^^ X^S, ^ 

the momentum^a^uired^K^^^^ of the stroke as may be reqmred, ^e i^mi^^^^^ 

piston, (the pump^Sns^^f fl^'''^ weight and the pressure of the exoandrng steam ^ 
^use of one or two fpTn^^ ^® '?'^^ ^"^^ ^^ke tLir down stroke;) at the end M ^J F 
ipon the down s^oVe T^^^ 13 requisite, to enable the valves of the PJ^-^P P'^*^°^„^. shock Daring 
this time it irneceZ^^ti'^^ t^ they may take their load of ^7^^«f J^V^^le^^^^^^ 

it was elevated bv^7„^ T "" *^^ ^Teat cfoss-head and its load of dead ^^'g^*,!^*^!^^^^ 
smaU piston was^^^ "? '^^.^^^ ^ otherwise it would fall back untQ the ^^P^^J^f f^^i'gLi or 
xvo«ld^Rn«« .^^^^^^,^^<^ to a densitv enual to the pressure per square inch of the lo«l mj^ 
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iiirived-Mdof^1'*""^,^|°««» ^^ the dfeadwdght is suspended exactly at the P?">^^ "J^JT'j;'^ 

sequence o?all sS^k:..^ the valves are tight, could be maWained there for any ^l^^f'ZolZ 

beyond their own ^ ^'^ *^"« removea, there is no pressure to close the valves of tl^' Q PJ^ 

strike, the equZriul"^^*' therefore, thev faU out wfthout the slightest f^^'JZ^T.ZZer 

from beneath the nl^ steam-valve Q. ar^cf the hydraulic valve O are opened ^'^'^^'^^^^r steam 

from the smaU rtlP ?'ff^™ «^«^P^« ^^ the stand-pipes and reservoirs ty the pip^ ^ , "^ aTt^ 

putTthe pTe^urr^'^'^ P*^^ ^^ ^^^ Pip« 9^ rounTu^ the upper side of the small and annuhir i^^^ 

whichacJnSl'''^ *^^ small piston^^iS equilibrium, and presses upon the annuhiT P«^oo.(ben^ 

^ the pumn^^ ''"""'^ ^ maintained,) in iid of the dead weight now resting ^P^ }^' ZlX 

chJ^eel^f^l^''^'' by the united effort, the pump pistons are elevat^ an^, the water d«^ 

piL toM ^^ '^e^t «*^^« ^ made, the eduction-valvr is opened and a vacuum formed oyer W 

thf Haariem ^^ ^H hydraulic apparatus just described effect the object for which it was «gne4 t^t 
ft^r the^otw". ' ^^^r Commi^Ioners Hive decided to use only eight pumps, but of 78 inches^'"^' 
t^lJnt hipn .t^l^^^ ; the chief reason for the adoption of the 63-inch fumps for the Lee^hwater Engu« 

^!^/J^ 'vu ?*^*' o^ the shocks to which such large pump pistons are ordinarily liable 
r * ^/^ * ®.^eghwater Engine is furnished with Sve cylindrical boUers, each 30 feet oog wdb 
feet diameter, with a central fire-tube. 4. feet diameter : a return flue passes under the boilew to tbi 
fkx>nt and then splits along tlie sides. Over the boilers is a steam chamber, 4 feet 6 inches ui diameter 
and 4^ leet m length, conimunicatkig with each boiler; from thence a steam-pipe, of 2 feet diam«e^ 
conducts the steam to the engine. The steam space in Uie chamber, boUers, and pipe B^ffV^" 
cubic feet, and as the engine draws its supph'es from such au immense reservoir of steam, no" prmj^g* 
taked place, and a very uniform pressure upon the piston is obtained until the induction-valve cl(»» 
These boilers have produced steam enoug-h to work the engine to the net power of 4O0 horees. in 
Cruquius and Van Lynden Engines wUl have boilers capable of working to 600 horses' power if re- 
quired. 

^Ae draifuige, — Prior to the construction ot the engine-house. Ac, an earthen dam of a Bemiciroutf 
form was thrown out into the lake, to inclose about 1^ acres; after the water was pumped out from 
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^^Zf"" "**' "'^^ °' ** boUerhonse, tlm«igh duice-gate.. into the caiwte ooodnctiDj to U» 

OTie great cost of the buildings, for whatever d«i«,-.>*- f ^.rhinerv might hare been employed, 
rendered it an object of consid^Cw^w t^f^°°»W- ^™^i^y <^DCeiitnitiDg ^ power lo 

greatly reduced if tL how^ l""*',':^ "^ '^ Pf '^. ^rfT^T^hTLSi ^^e steai on the 
pistons, and not bv th^w ^7 °^ *''® ^''P"** ^ calculated bv t"^^ J*^"ri deliyewd by a Urge 

» «*/ for^ of 78 hoZ^^l'^T^ was measured during eight hours. *«,«°g°*S ?«•«"««■ 
power ; as the lift increi^?L^"""8 ^f «"* ^our. with a coosumpbon »' 1* l^i^'^^S^tfl at the 

^hth hour it was fouM,tfer' «*•■" "«»«^; "H"* '"« r°''"'?Ch«^^iw^^«»»««<« « 
lbs. of coal Der net l.™^. ™ engine only exerted a net force of 88 horses P^^TlL^ «i Ih. of eoab 

t^ horse-pCirlr K^'P'T'" P«' •«>"'• T^e consumption of fuel by the Leegt^ter is SJ lbs. of coal. 
N-o n«i> loriWnV l,„ u ^"^T working with a net efficfire power of 860 horses. A.«u«ilntei 

whi<S.^sfCe an^ ^"^ d?velope7fa the leeghwater, bSt important fects ^7"^^^^^^ 
J^ved that wift p^^r'°X^, °fl"«°ce on the progress of agricdTtural hydj?"^^ «t3«^ S 
teeffhwater is befcvE^ * ^ .*l°'',**' Well-known principles, steam-engines of the ^f^JS^Tmar^ ein- 

dm^^^ntt'^J^'-liresTi^il'rr. °' '^ -l"**™**-! !>"*«'> «°rT' ^^*'' ''Trtl^^^^'^ 
drier-up of water^ fndl^h k^.?°"?»«*. "^ popularly knowiAy the name of " I^>"^' 

The engin^ and ™,i * '"'" ^^ ««' propcSi to dmin the late originated in 1628. 
and Met^S To, A ^''Tp'^*™ "«"» factSi-enrthe establishment of Messrs. Harvey A Co, of mfH, 

Fe^r'^^JIs.f X^?8™«'^Hte^^^vented by S. Merrick, of Springfield. Mass.. -id ^i^ 

lng^ze,*^{bVofThtV7 P??*^ loather ind other like materhJ. and contains four punche.ofn.7- 

In the drawinifg. p„ i??„'^ instantly brought into use. 

Fig. 8163 an end vifl. , .1°*°°'"' «• *>de elevation. ^ „r,i,v .iw«rii«r tbe 

right-angular shouldI«I °^ *^" cylinder E. and the series of rotating punches F t F F. dwwins «» 

In said Fimreii 4 j • "^ "•« punches, ... ^. 

or carries th! seriet ofT.'*.^ ^^^ bed-lever of the punches ; B, the punch-lever or that "^^^ 

D. I is the bed „► m'"*'"'8 punchea F F FF, which are sustaine'd and revolve bet-jeen .w«W" 
■*« or blank of copper, in conjunition with which the lower punch acts dunng the oj«» 
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!?r ^»5rf^' ? w the cylinder to which the several punches are fastened: right-angdw wfeta 

• 1* on™,i u^ J^^er "^« °^ the spring-jaws D, which notches are made to fit theprojcctiomor 

rigftt-angular shoulders b, made on the sides of the punches ; then- object U to prevent the Iwer 

puncn irom bomg moved forward towards the extremity of the lever A daring the opentioo ol 

puncDing. Each punch of the seriea is fitted with Uke shoulders. The notches are made in cm )»» 

jcctions. lormed respectively on the eprin/g-jaws. For the purpose of cfTectually disdiarpng the Wile 

cu-cles or (ylmders of ma.tcrial separatca from any article by the cutters, and which pasJttoongh tin 

cutters and into the interior of the cylinder E. a cone is arranged with respect to the disdarpiig 

mouths of the punches, ewj that after the pieces of leather have passed out of the punches they m 

forced against the cone, and bv it directed laterally and out of the space. Without some ««* cm- 

tnvance, the space is very liable so become filled or choked by the pieces which are cut awaj by *»• 

Tlie reoaiiuog parts of the punch will be obvious without further description. 
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PUNCHING AND PLATE-CUTTING MACHINr" Jy i^'W 
=A*.(«r. F«. 8172. froat elevation. Kg. 8173. aideXatZ 



, plate being punched. 

[^^^^^^ -^ the i™pl«. pu»i«d 



a, tight and loom nriian. 
6, fly-wheel ^'^^ 

e, apur-wlieel and 



Literal Refenmc"- 

1 A frame for carryir^ iiwdiine7. 
^S^t and eodntric for nuung • 




j; ehde, the appor end having a ateel cutter ^, and 

the low^cr end the puucbea h. 
ff, steei cutter*. 
A, punches. 
», die-frame. 

/ stop for preventing ttio plate from rising. 
t, travelling tabic fiir cjirrj iiig jilate to bo puachod. 



I, rods, levers, and ipuidle for »dT«Diis fl» "! 

oiling table by means of tappet m, m ipnr-'"" 

m, tappet on nnur-whecl. , , t„ 

n. rait-bor attached to bracket, o of VJtm 



^^^ RAG AND WASTE PICKER. 



\ 

I eCy covers 

I 



\ 
t 

1 

I 

f 



csHeeks; tiie upper end revolves in an independent bearing attached ^^^^^.^^^^^ly^eeU fi»^ 

^^""^t^r"^'"'^ ? 'y'l ^^"^* fr^'" *'^« cfriviDg-shaft F by means of ^^fJ^J^lemolm of the 
B:- On the upper end of the same shaft J is keyea the fly-Vfieel K, for equalmng me 

na&chme under the irregular strains to which it is subject. ^ *. w fhe shades vill be made 

^rf.on o/jA^ marAi„^.-Motion being communicatid to the eccentric-shaft ^;*^VrtheX 
tS« "Twr^;fJ'^^^ '^'°"?^ '^^^ corresponding to the eccentricity of the Pf^^^J^dol opposite 

Ziteral References. 

Q^XTel-wheel oo the hom^td drivinf»h.a 
geering with ,.ertif«l driving-»h»ft J. 

L. a>;°^-pimon on the Tertical rf»ft J. ge«i« 

M,ttrge bevel morti^wheel fixed on 
N, the main eccentric-ahaft- 



v^. incBXTO laoie for the same 

S* *y'""'T,''™«''et for the punching^lide 

E, the table upon which tile hoUow^e k eet 

? f" ,t^"'™ .""ds of the shaft N. 

6 *. the sh^nng and punching slides. 

' "J^Z^T."^ ♦'•« "«<•- -- tl'e end. of the 

« /, the shearing-cutter. 

ff, the punching-tooL 



«,S^?^i^ .^'^ ^"^^*™"«"* ^or measuring the degrees of heat The ^rm^^^^^^^^^ 
reasur^bv^'tha^^^^^^ instrument intended to measure higher ^^"'P^^^^.'^JM 

metX ^ "'"'^ thermometer, or an instrument for comparing the expansions 

inZn^'^fTjT^T. '"^I "^-^ ompWd for the ahove purposes^ ^^a^^u"^'; t J^^ 

Sr^eUluntrTnTC^^^ f«-^^^ •• ^ ^^:iTo^^^ndZ^^^ 

*Vi« nth*,.. «n^ io :"?* ^'"« attached at one extremity to an immovable obstacle, a „wi™jinto 



J^t^ac^mi.Y^.STE PICKER-Bjr C. G. Sakcent. It has always been a <J^'ttSTi^ -^ 
S^r or ^r^? k''.*'^ in any practical dWree, for the manufacturer to1>e able to reduce I'^'J^J^ 
5^e aboTe m/\^."^ ^ thefr origioal c<^ition of fibre, and capable of being ^S^'^K^^^^^^^^^ 
^rns sS th^i'^^ accomplishes this object, being capable of reducing 160 pounds « JJ^^^^ 
SHftpr ^. ^u^y '"^y ^ «««i^y cardea and spun Inew. It was invented after trials of serej 
STr mnlf n? *? Consideration, by Mr. Charles G. Sargent, of Lowell, and he is now coos r«d 
- !i,Tu^i . , ^(^oollen-mais in tliat section of the country. The cost of one whose cylinde 

T^ »!?l^'^ ^"" "&*»^ *^ ^® it^ "» about $300. ^. ^ _. , l^to. 

^«^«f^- '"^ and its acUon may be described by reference to Fig. 3178. which JfPTS'^^'nSri 
^al section of it The frame Being- represented at A A A, <»«-, the casings at B B B. A^ Dbei^» 
nbalt put m motion by some force, and from which motion is communicated to all mo^'J? J*™*, jo, 
yam. cloth, or other material required to be picked, is spread upon a feeding apron E. jhicn »«>" 
nootion towards the roll F, which has a motion indicated by the arrows, and being ^"*«fjfXJ^ 
draws m the material between itself s^nd the iron shell G, and passes it forward to the »•» '^ j*r. u 
Similar to F, and has a quicker angular motion than it, thereby insuring that it may take aJi t™ 
pr^ented by the roll K, and at the same time tending to draw the threads or fibres to a poaiwn 
right angles to its axis, the rolls F and F' being so supported that they can rise and fell f'^",*^ 
irards the shell G, according as there noay be lar^e or small pieces between them and the shelL 

The material is thrust out from between the roll F' and the shell G, towards the first pictaD^<7^ 
H. This cylinder is fornned by adding to a plain cylindrical pulley strips of metal, about 1 ""^^ 
inch, and of the same length as the fuce of the pulley. Parallel to its axis and up<Hi the outer snnw^ 




'^^^ RAILROADS. 



1 



On a well-m„de smooth pavement *f'.^ 

oS a Svrfp^'"*" (macadamized) o;e;-;n old ^-t l^;;;;;::;: i« - 

on * macadaauzed surface, od a founSatioo of cement and gravel _« 

J Average, •T tt* 

i for f^to^?? '*''"** *•" '■"^ "' ^^i™ «» • '*T*' " "^"^ **.'!'° 8 ' 

or a borse Trill draw from five in oi-i.» 1" i i nilroAd •« npon the best tarn- 

pike roads in use, and thi« ua '°/'?''teen times as much on a good railroaa » i~ 

*^ ThU illustrates the extent o,",l**'«''^ smoothness of the surface alone 
.. Kor the second it ^„ v '^® *"* <»"se of resistance to moUon on roada. .,_-ri^nce. A lo- 

comotive cSb^lTt? ^ '"^<='>t to '»«'>ti''° » ««"mstan«se within the ^Jf^*^^ ri^i^ 
80 feet per mUe' th« L ^"5"' ^'*^. <»> Wal, on the LoweU and Boston .»? ''f^^^'P^.^ "hS 
ft was sSb^inly ^Zed'^'U''''^'' ]' bs^Iy'drew on a level part of the 'nfenor r.d~^ JP^j"^ 
,^^.t^A .„^_:i Z ^°rked. The surfaces in the two cases -were the same, ■wrougm ma , ou» 



. « Hrm and unyielding road -gurfbci' 

I to be an rduTatinlS n ^T*^^« ^<> ^^^« t^« acclivities and declivities ^*«°f ^;,"1^^^^^^^^ 

■ will be the best^r?n 'P™^!?'?^ ^ ^^^^^ ««d could not be found. In general, ^owever^^w^ 

ditions can be 1^^^ 2"". ^^ t'^e x^eight of traffic or other circumstances, it is ^^l^'^Z 
I that a ffood roaf mTroIf^^"'^^' '*^« »^ « co«t wWch wiU defeat its own object ; ^XAV „« ^^^^^^^ 

f freight would Boemto^u ^ °'"'^; ^^^ '^^^^^^ » ^^'^^^ t^'"^^ *^ ^"^ ^^'l^'^^^l^iLu ImlJd 

^ deaS^nding; and ye to l^' \{;°''^"" descending grade, or a grade ^<JVr''*''^n?o™n.^ w^^ 

encountered, to pavthL 1"^ ^^'^ aci vantages ld|es may require tunneUing and cxpen^^e'/J" 

tending to thro^tt,f?«t of which would r^uire tolls on thrtraffic ^r which Uie r)ad wj^bu^ 

these limits of maSm?,*^^^?Ht^f the market ?n competition with other sources ^^ s^Ppy* .^.V,"^ 

viewtheconditS^^i^^^'i^^l'^itjaaci level the engineer is to make his eelecUon, keei)i.)g J^a^ 

tunnelling in preferenlf f ^^^.»»™i°e: to fulfil, avoiding a hill here, cutting through a "f^Jf"^J^ 

length of the road v. ® ^ *^^'"e ^ ^^^ length of line or to the curvature, or the averse, mcreasng ^t 

After he has madp?"^ materially in some cases in order to avoid encountering ^?a^,^*P<'?*/"'^„td 

examination of suoM''^'*®^^^ reconnoissance of the country between tlie terniini, and an mstrmnfflw^ 

•ought, it will usu^nlT^ ?^ "^^^^^ ^ appear to his judgment the best calculated to fulfil ^«f?f3 




inff the caDabilih- ™'"*"^ 4u*^ies, titrn>er, price of labor and materials, and, in genenl^ »«••"-: 

fiSt cost, mainf ® ^^^^^ country on each route : the several routes are then compared in viewof UJor 

of the local or^'^*'^^®' *"*^ working, and not unlikely a new element wUl appear of the varyipg am««>» 

A treati«P "./^^J^.ousiness to be anticipated and provided for. , . , 

Mtibiect of «;]. ?*^road engineering would of itself require more space than can be allotted to the whole 

«Sld be «^,«??'i^ '"^ * dictionary. THis will account for the supirSsion of much of the detaa whidi 

«T*tion of tK ^ ,.*■ *° ^ complete treatise on railroad buUding. We must omit, therefore, the conod- 

^rncrtivl « P«"ttiinary operations of surveying and levelling, as well as the form and character of the 

SiSri/T '*^°/*^*',^'^»ch make up tlie construction of a raihwd ; such as bridges, culverts, tunnels, fonwtt- 

wrove^'H? ^'^'ch, in their principles of construction, are common to many branches of internal im- 

In preparing the estimates of the several lines, plans in detail are made of all the medianical Btruc- 
turcs irom which their cost is deduced : profiles are made exhibiting the grades of the road together vith 

tH^Jb^i^SJ^n^^^^r^^"^ "k'® *"**"^^ *** "•? eenenU reader, and the studeot io tbeacienoe of angineerinf ihoaldlook 
i« JkT^^*^*" I ■ «*'ct'ona ry, however com prelj ensivo, for the priociples of his pro(^8sioo. 

caaSalS^fnSJ^^'STif **f **•'*♦ ^IfrHn"*'^ t^*"'*'.!'.*^ .*■ frpquenUy made to -railway englneeriog ;" but the wbjed ftfc « 
oDDOBire, ror^f^^ to the character of ihis work, wliich f« a dicUonarr of *» machlne^^ ithowinir tit a m^iWMoT OiflireouUW 
tkm BDd woritiaar, or the -engineering of maeb Inery" aiinply.— [S. Sd. vSlJ ^ showliig the jmiM:v<«or uwrwu- 
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Judging the lines by theae teste, we find that No 1 or the ypper line. sti^dB ^^.^^ 
«8 6th in pomt of value derived from present actual ^Uay. «4^ <^^^ ^^ ^""^^ 
the aggregate of them all. ouuajr, 



Na 2, or the lower line, is ^ 



'4th In order of directnesa „-««ent outlay. 

Ist In value derived per actual presem ouu.jr 



fist In order of directness. «„* mitlav 

8d In value derived per actual present ouu»j. 

4th In order of working, and 

2d In aggregate of all these. 

( 2d In order of directness. 

Na 4 stands J 4th In actual present outlay. 

I 2d In order of working. 

^4th In aggregate of all these. 

{2d In order of directness. 

2d In actual present outlay. 

Ist In cost of working, and 

Ist In aggregate of them alL 

(6 th In order of directness. 
Cth In order of actual present outlay. 
6th In cost of working. 
6th In aggregate of all 

Is the inferior one in every respect, standing 
last in all the comparisons. 



N^a C stands 



No. 7 



last in all the comparisons. 
va ^ ^j-irr ^*-..«*w.« of several routes, bnt It 




^^^i^^c^}''^^^^^'^^9rade lir^. AH those parts of the section above «>« line aJn^jffl^^ 

up, and are d^.^'*''''' *"** "« ^^«d trn^tlings ; and those portions below this line will require to be fiUca 

Where a trffl*''*^®*' *® embankment, or Jillinga. . , , ^^* ;«. 

portance it iJ^^ variation in the general inclination of the line or of the grades is not of greanm^ 

miuired for mn?^ advisable that the line should be so laid out that the quantity of ^^^^^^. 

•ca^atioos. 'S^''^ ^^® embankments, sliould not be greater than what is to be obtained frwi tb^« 

mav occur Jk ® **' however, an exception to this in cuttin^rft or embankments of great lengtM.J'*^ 

m»y uccur Where the distance between the cutting and embwikment is such, that the expeoae of o» 







▼eym^ the earth from one part of the line to another is greater than the increased expense of borrowing 
materiHj alongside the line of railwajr, or near the embankment, for the purpose of forming the eiabttf 
tnent; and of depositing the earth frtym the cut» which ought to have formed the embanijment, up 
waste ground alongside such cut. In ^pcni bank. These are, however, cases to be judged of by the en- 
gineer of the work, axid are entirely qu€?stions of comparative expense between the one mode and Uie 
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„„_i«g the width or gage to be 4 feet Hi inehett. or to ""V"*?" 
5?«r.' t^^snty-'^"'*^' two inches Tl.e only r.-roaiii.ng "?"'T 'i^ ^i.^ rfrainoge of the exavfioi 11k 

r'-s45'Kis.:?!.™"4!i^ztr?joneii''i^.^^^^^^ 

fcirt i>^-I>*^"*^"'"i"V,'^"""'* "'*^*"^''''^"'" -11 «■ f.H'nrdinir t" the quaDtily of wiHtr required 

'"^e*fa«V«, **«"> '^ "idth of tbe ezcav»tioi» at Ihe bottom level. «a followa : ^ _^^^ 

'f'.^v-o Jii»e«of railw»7. including rnila - n 

-cViiJCb between tbe two lines . „ 

-VViJtIi *)n the ouWJe of rails ? " 

■WitiCti r-equired for tho BlnpcB "' . • g 

«r idcJx f*" tliB drainage ■ - 

it : 

'^ toV 5^ ^-^^k^rlir^ff FiSlSl, whW. r.q«i« no width for *rai™^. .t^ f^t .»., 
twiT^^^ «Vet. And «h™uie slope of tbe embankments U opo and a half to on*, Ihe -idih mt Uie 
fc^.^^'?«^ Jl «" '^"«<1' ("•» <■«' tli^ '■>'=»"'» b*'"" K™'1«.) '« thirty-three feel mr.eiT.che-, 
^^ ^^A- ^™.«a/-™ and m6<.»itm«(^— Having now a«cert-med the width. ilM wit ikc««2 
to^T„^« tbe aagle to bo given to the slopes ''of the e^vHt.ODS »nd eji,l«ntn.eciK TT««: 
E«„H i^ ^""^ ■Jegf'e-i'Poti the%th of the ercSvation. or height of the embnnkmen ; m tbe forrner. 
When the "^^g^^ a..fficient Ind in eiSftvatioim up to thirty or forty feet, this slope Ii» been found to 
i^- '• '^j;^! L In some description, of clay X Kre-tcr alope ia given, somot.mea a. much « Iwo 
^ ^M^ « "* bankment, are generally made Kri^ Iho same slope as that of the cici.»lH«, ; ^A 
i7^ ^?^ *lint, with whatever hIom (he excavation will stand, the embankment formed rf Ihe 
m^r^VS^*^ s.uoh e«c«VBtion will elafid with the same angle of slope. 

watenal fro.«" J ,, railways the slopes are covered with a layer of eoil, which is procured from the b«« 
On (he ^"flr,„eot3. or ?rom the top of the cuttings ; this layer of soil is spread over tbe face of the 
«theembi»."« inches U.icfc, or of ths thickness which (ho soil from those places Trill jield. It it of 
"°pe about ^' ^f. to the aeourity of the alopes. that the eoil should be laid on &b soon as pnmible.ifier 
lrreatimport*»" -^ mntlc. or the embankment consolidated -. and sown with graaa or clover, w bolh,(og«« 
"7 'f™""*'? ' »,«-f<>ro the slopes are affected by the action of the weather. By doing so slopes will ofl« 
"lurfnpon "^^^it.htoat the soiling and turf, or when exposed to the action of 
iUnd. where. TT-c-v ^'^ ""t "'"■"l- Tl"" ia very much neglected in this 
we weather. V.,^ consequence is, Ihe cuta arc in generaT either badly 
oo"""!, and _-" — ^ of batida am constantly at work to keep tlie ditch free 
J^'ned. or a. ^*"„^ the slopes ; and it is b good practice to sow Ihe slope 

ttoia the «-&»» tfrass-seed, or defend it from woshinK by loose atones 

With wme b'jrf'-^Bok. 

thrown over <^"^-^a we have shown the slope of the exMvatiun to run 

in (heee "*5'V*c.m of lie ilrain. In aome caaes, where stone is plentiful, 

down to the t'*'*^^ ig an excess of cutting, aide walla, similar to Fig. 3 182. 

«nd where th*J''Y_, tlie aides of the excavation, the line p 7 sbowing, in that 

■re built, to r«?»^ ^j^^, glope. I" ai^t^h cases, atone drains, similar to that shown at y, are made to still 
CMC the line '*» *>ie mdtb of the railway. The propriety of doing this is, however, entirely a matter 
lurtber dingjais'' ■^-' 

of^lcuintioo. --_-. rf« cr*>**-<'«'""P'^ •"■* *"""» Ijcon formed to the proposed inclination longHodi- 

^.U^"""' -^Zvelled trnns'^y*'?- But, as the material constituting thelMwe of tbe railway, in the 
^"y. It IS then *r^— iiMDkmeiJts. i? "•■^'7 " proper material for a road-bed. it in nece^ary to cover di«e 
"^«twn,aO*< .f^^°e •"«■»*="!:' "»"^.'"' »"1*"^ the water to drai.; off from the' bottom of li. 
^rface, q,^^ ^^IIhTj Iike«^'»*' ^^r™ » sufficiently firm foundation for the ties to rest upon. This L. gen- 
"^'Aoa*''''''' ^l^y"' o' «^""°''°' '•"'''™ "'^''' '* -^l-^" g'^'cl. whichever is fo*Cnd the least ei- 
'^'Cal^ ^«-"^ '^^rtlSn^-£tr,?g\t\To^rsr/lT °^^''-- •"-" *-""« been all spread 



gTv::"*^"* „ino '^^r.-. »'-dTp;?;,:t:u:i'^„V"^^*';*;">«"*?--^ butW gravelbeu«d.i.i. 

JU»t„„,,^^f broken ^^^ t*^'^ •^i.J, bottom of (he ties or bi^k/ '" '^ *"''^ °^ '*"' '"'"'* "*^'' 

'°i.'^^>'en, -.1'^ftS<5i«'*^ " ^«-ever. IS beginning to pre— ■- -" 

"^ a1"^ ■'^ ' fi-r»»- ^»--— . upon which to rest the 

^f^ad of Bton« ■-' 
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of tbe» 



43, the wedge, being quite dry. is driven between the rail and chair and eipwdingby thedain? 
.trtiosphero, it is very ti^rhtly compressed by tbe convexity of the chair, which projaces a cont 
B^ndin^ expansion at the endsTana thus fastens the wooden wedge so securely that ,h> working Uk« 
nl^oo !:>« eween it and Uie mil or chair. This key has. of <Jourse, no tendency, except the mere fricUon a 
Sr^sixx-<3 of its Bides, to prevent the ends of the Vails at the joint from separatiijg. 
^ Xi'ifr- 3X86 represents the form of chair in use on the New Vork and Erie Railroad, lo this State, wbiA 
is fouracl to answer a good purpose. The chair is complete in itself, and the rail fastened by means <rf 
it Ana <J»« spikes to the cross-ties, independent of the oak wedgfe, which is dnven in to prevent the 
ra^^t.lira^' ^^ ^'^^ '^^ ^n its scat, from the vibration caused by the pas.<«age of the train. It will be 
1v-6gI tlxa.*^ the action of the wedge forces the rail down in the chair and finnly against ita opj 



cea - 



per- 
oppofeiie 



scat, from the vibration caused Dy uie pas^^age oi ine irain. u wii 

the wedge forces the rail down in the chair and finnly against ita .^ 

« 
_ 5ot of the expansion and contraction of tlie rails, by the variation of temperature, amounts to 

about t,hk^ fifteenth part of an inch in a rail fifteen feet in length. It has been attempted to obviate tJus 
i^tycU: ^^y ^<>«"«'iJng the ends into a half-lap joint, but with partial success only. ITie best thing that can 
be <iora«3 «-*- present is to preserve the parallelism of the upper surface of the rail; but the opening of the 
joint is inevitable, as, from the expansion and contraction of the rail, an open joint must be left, 
depenclent i-JO. its dimensions upon the temperature at the time of laying the rails. 




3189. 




3190. 



319S. 



3I01« 





3193. 




31M. 




'P'lvr, 3 3. & '7 is a plan of rail laid down on some of the railroads in this country; with this rail chairs 

are dii r>*-5'*^*^*^ with, the base of the rail being- very broad, and being laid upon the longitudinal pills gr 

cross- t;i<?^^ xs fastened to them by the brad-headed spikes e and </, which are driven into the sills. A 

notch i» «3ixt near the end of the rail on each side, somewhat lon<^er than the width of the spike whidi 

li drives*:^ ^l^rou^h the notch, thus permitting the rail to expand or contract-, while the flat head of the 

spike cox^^^**^® ** firmly to the cross -ties. This has become a favorite mode of fastening raila in this 

country* xxxxd may be said to be universal, sometimes without nny chair at the ends, and sometimes 

with a 1X3^^*'^ plate to prevent the ends of the rail from bedd in of themselves mto the wood Thisftvin 

of rail i^ w-MCP^v known in Europe as the "American raiL" The following are a few of the Tarious 

patt o^ rai.il in use: 

Fh^^S X J3 ^ '^ the section of an experimental fish-bellied or elliptical rail, rolled by the Newcastle and 
Carlilie J^C-^^-'^^^^^ Company, for the purpose of ascertaining the comparative rigidity of this kind of raiL 
and nirix XI ^ * rails of the same weight per yard ; the weight of this rail was about fifty pounds per yard; 
the ^Tui-^ &^i«>w8 the extreme depth, and the dotted line a 6 the smallest depth. 

JV S X ^ ^ *^ * , *®f i***** ®^ ^!?® parallel rail, rolled for the purpose above described, the weight of 
which ^«^ **^ nearly hfty pounds per yard as it could be rolled. The area of the wearing or top part 
of the t^^o '^^^^^J^nP^^'^ii^ same as likewise the breadth of the base; but they differ in the depth 
andth* tex^^^^ of the middle part of the rail. ' ^ ^ 

FicTsi 0O *^ *^'^ section of a paraUel rail, used upon the Liverpool and Birmingham, or Grand Jonctiot 
Railway, «^»^ ^veighmg about sucty-two pounds per yard. The top and base of this ndl are the same 

^fT's 1 ^ X i« ^.^^ f ^f *'^" fjZ'^ f^^ "*" *^^ Dublin and Kingston Railway, and which is a parallel 
ruii ^' • Ti^m^£r about forty 'five pounds per yard. o j» r- 

PilT sf i^ ^ ^ fzsh-b^llied ran. made by Mr. Stephenson, and weighing 
vard*' a-I^ ^xitire section on t e dniwmg shows tfie extreme depth in 3 



yard. I'fa 
^epthat eta 



ing about forty-four pounds p«T 

' rp. . . « -- -_ ...^ ^-.vi^-ix^c utipth in the middle, and the line aiihc 

iDoarmg parts, inis raU does not sweU out at the base, being intended to be keyed into 



"'f^Ii'o^ ^tl'^\%^rj^?:^i:n^'^i^^^ «f fifty pounds per yard, a few of which are 



^'d dowra 



the XJvt?rjpooi 



3SOt 



3-J02. 



3jirr* 




^*"»st the ruil I 
I^ins* to fa^te ■ 
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_re eonascl ait diPfefent angles — nhich id practice would be very incoovemcril, if not B^oHjfraprartii- 

ble thtf clitRsi-ent ulfvations of the outer rail would not meet the necetfilim of (he poriiminr (j«i 

aa a. »;i>^f»' "f ■'<> miles per hour requires nn elevntion siime II times grcaler Ihan » (peed uf 10 
milt^n Tt '^ o"". in this countn- (he cualora to disrt-^rd tliis ciming of the wheels lo the fii«nt»t>cli 

the tlyt^ory would call {,«r. and Biniply cone lliem to the amount of the draft (as it k aHltd) nf ibe catt- 
ing, *»»>•»«-«*- & ""fnon tile tread of (he wlieel; apd engineerd differ very miidiBslHthoprnjieramuunlot 
elev»«ti*»r» -whicli ehcnild be given lo the out«r r»iL The actual amount to meet apnjn.pewi U ea,i|j 
> _ 1-... whether it is mpeilicnt to give more or lesa than tliis, or tc proriJc for ihn freigbl ot 
^ is as vot nn unsettled ques' 

w no iloubl that the hiffher -- , ^ 

produrri 1 vts *»f greater injury to a road than the freight trams, it would Feein desirable to ailjust the r«il 
with tl«€s «a»»-F>l''.'<elcvaHoi] ijue the higher velocity ; if the road were esfciitiallj apgwengir road, or ia 
other worti^. wirt out the freight trains were largely in oxceaa of the pnsseneer Imuini, lomil the cunca 
toth<! lti.tt<^«' t^'niiN having in view tlie dimlnutioQ of " wear and tear" of both itbeels oad rail, rather 
thai) B.ti e-o^ri^myefniolive power. 

Qreat t^t^'^-^rP' lioHr-adia £njland—3fr. BruitfPtplan. Fi^. 9203. 830e.and 3181,{p,Slfl,)»bo. 

&p1nii art'l «^ •'""'Wt sectioonof Mr. Brdnel'a plan of railway. A B C D E P and G H are iba la^tudinil 
rails forniifiK- tho railway; the.<e loDgLtudiiinlrnil' are 14 to IS inches brond and « or J ioiJief tliick,«nd 
areniarf<' *'f Amencan pine, oi'oft'nnd cd' cd' are double transverae ties or Bleeper^whirh are eadi 
bIk mclif^ '■' breadth and seven inehes deep ; and ey ^injfle transverse ties or sleepets, which are sii 

incheti in t»i-t;*»-'ltli and nine inclies deep. These eleepers art; otr—''''""' "'"•~- n— !■"" "»~;i — i .- 

them ifi*j I.>»»^itudinnl rails rro secured. 12 3 4 5 and 8 are pi 

to tuurtGL-'f *'*'V' "J '™g'h, according to the nature of the ninttTi 

feet,or t'f » •-**='?« '''"g'li a^ tPmt they will reach from the base or fomiatlon line of Ibe rsdway 8 to ( 

feel iiitu « J*** t»rjginal surface of the ground. The cross-tiea are Atnericuo pine, and Ihe piles of beedi. 



ir~T^ 




£ .^'r "'""t-'" *^; l„ .l.t- <5r««tog» £ d"„U™ J" "'^ ""■ ■'"■"I'l"". ."1 Ihiy .r. Urmt b.. 
^. ?'•* (iml^. .alfje inclit*'^, ._ „,i — ;^. ^ V "'c_ mils. Betwi-c^n thn .I„..K1o .!...l^_ i _ 
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pulverized w(>< 
ceous> materials 
quality of thts 
ttierewitK Fi 
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t^ *li« cross-tie track when thoroughly built; and it will undoubtdlj 
agb ^^fiS'^®® vJI"^- of our railroad structures. A heavier rail than tiiat heretofcre 
form the Da»*^ ^ .^ ^^ 1,0 considered as in a condition to exhibit iu meiil 
necessary, l>efore ii- *-**" 

1 -^ -nnronds. reference is made to their respective heads: Locoxonn 

achines used on r,^^*'s^,TCHE3, TubnTable. Ac. 

^'^RXACB, ^^^^^^'r^ following is the specification of a patent granted toJ.Cown, 

j^^TMrrattng g€t8. x -^^^ retorts for generating gas for illumination : 

:a.a^ *°*P'"^^*"?i"J^„5dered mider two heads : firstly, the new combination of eartbt 

rzncsnts ™/^7*^/r retorts are to be constructed; and secondly, the novel kind Jf 

"ervbT which the retorts are to be shaped and manufactured. 

ery oy wui*-** _„t^ «„r.H clav retorts for v&nc^rt^Wntr s^ 



r" Stourbridcre fire-clay, or axiy other kind of day suitable for the purpose, saw^iust, 

l\arcoal col^ carbon obtained from the interior of gAB-reiorts, and other carboua- 

sucb proportions as the quality of the clay may require. The more aluminous the 

the larger will be the quantity of carbonaceous matter required to be combined 

one-twentieth to about one-fourth, by measure, of carbonaceous matter, compared 

* of earthy materials employed, may be combined; this variation of quantity depend- 

<5cl upon the aluminous condition of the clajr— a feature well understood by potkre 

«>f clay retorts. By these means the clay is rendered partially porous, and coo«- 

^ -to crack by tlio changes of temperature. Clay retorts for the generation of iflo- 

" forms and structures, may be made of these combinations of earthy and carboo- 



3909. 



33ia 
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the figures. 
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form the eim*jl 
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ing, tbat tl:a^ 
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fjiust be rti 
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it ^j^^y ^ ^* 
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m. si~m . «x>re 



r-t, of this invention applies to the peculiar kinds of moulds, and the machinery to be 
«ai»utiacturmg gas-retorts from earthy materials, which wiU be seen by referenoj to 



"«.v».. , i-ig. o-siu la an ena view of tlie same ; and rig. ozii wk'wo 
J*7 '"fans of a longitudinal section, taken verticaUy. a a is acrliih 
the pUistic clay and other materials are to be introduced, throu^'h a 
\'unrlf^J''f\ ^^1 ^ ^ '« a core, made towards tlie end c, to the figure of the required 
^x>rG L nwir^^"" *'''*f^*'J,''^ ^^® ^'•^ ^ ^eing cylindrical and hoBow, for the sake of 
d^Ind k^ev . f^T^"*''^'^^^^^^ ^'**^'" *^« cylindrical box or chamber a, and is made &*t 
?.-°i:?:!^^' ^ ^*l« end-plate //Of the cylinder. A circular nUte */ acts as a pi^too 





mechS forri^'^^^ P*«^?? ^ '^^^'^^ rod« AAA affixed to'^it, whereV any act- 

^s^Sedl no« ''^ ^ appl ed to drive the piston forwards. To the f^nt end of 

« beKrced u^t^^^^'f I • "^1^^ ^ P'**« ^> ^J>'<*. together, may be caUed the mould ; 

'?he i^nded re^rt^i^^r^'^, ""^""^J' ^^'^^ *« «" "P^he ncie-plece, and to mould «r 

-lay oS throu^^^^^^ '^^*''^ ^^^ '^^^^'''^ '« i° operation. wiU be known by sinall 

:-to?t7boT t^ bf m^^^^^^ ^^*>'«V° *^o front pkti k. It will be seen by the draw- 

/ma? U) tKJ^rrih^^nw^^^ "'^^ ""^^'"^ '' °«^^/°^ ^^^ transverse sectional figure or 

J^s of the sSie marhTrl iT "^""ir '?^' ^»^°« ^^^^^f- as any other form of retort may 

^h of wbTarl m^d^e m^vabVf^^^^^^^ ^"^^ '' '""^ "^^ ^'^^ • * *°^ ^" '^^ ^ 

' ^^d'Sl:'nU;^^^^^^ formed^Kenose part of the machine, the plate I 

^ end of the nc^^in thrshTnf 1^^^^ *^^ P'"*?" ^ ^^"^^^^^ "^« P^*^^^'^ ^^^ ^^ u*?".^ 
caescribed) to any lenfffh r^i!f; J^^'^.^x? "^^^^^^^thn of the retort (the end of whidi ha« 
r43d and supported byln e^X«?^' '" *,^? «^°"f s'^o^" by the section. Fig. 3211. where 
r may then te cut off by a w vf in fiT^'^'? ^^^^''' ^'^ * ^^^^ ^^ «>"^« ; and the l««gtJi 
fc or modification of this ma^^TJ: • 1 °''^«ary way, and sent to tlie drying pUce. 
oose-piece above Sb^d^n /^ ^^T? '"^ lo°git«dinal section at Figf 321«, in whfch. 
-«rhich, in commencinjr the o^«f ; "^^r^ *^?^P' ^'^ °^ ^ny other required figure, is udto- 

«ng tne operaUon of making the end of the day retorCmurt be kept 
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least four busl«^l ^, 
rice is rendere«r4 -^ 
aflerwBrda. A. »-» ^ 
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RIVTETS A-. I?^r : 

The following » fa 
July 8. ie4fl. 

The natura «r-»^^~ 
big riTeta and ^^^» *- 




^Kmng net! "*" ";, j'^d with the greatest succcb-, tliere bu been hIwi.. 
** hM t-ecn f ^^f^^'*" in. It is believed, howev.r, that Mr. Strong £». « Uat c» 
. ^^M^^^^P^'^ '*"* "^J^*^ of cleniungrice,»ith the least postuble Wwiii, 
» **«?'! NK aCREvJ^sTMACHINE FOR MAKINO-By J. G. DAT,Br<»kIyn,S-T. 
»ie pi.teQ^e's description of » niaclwue for mating rivela and bkok acre-^ ptiaiiA 

t^n-v invention conaJBts in the diBCoveiyofagpeody and useful way or proceaafucmik- 
~B^b BcrewB witli machinery tliorelor. iljia macbiaery coosula of a disk or circular pile 




-m_ *=»«rm its aide or face a set or eeripg „(■ j' , , 

i .<=»»* «""i from each other, and ^^ ,^,'""' p"""'^ "luch dies is placed equtdiatwit from Ilia 
ii ** pl""* ut heading, and one ^((,^^1 "^ t°.^ brought, one h. the plice of feeding and 
iK^t^rmediiilo and alteniate time tt^lTT ''""'""'''"«■ '" ■" «>« '^>i "»" »»°^ "^^^ 
= ^m=» *o "« respective poiuta for U^T!, "" ™»y ,revolv«. »nd by such revolution bring the 
'*^ *^ "" before-named operaliooa to"^ be performed, the duk » 
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B30 

not ice <3- 

H**^. •:■.■'>» uci'^Miij ui mia will ue un.iuuo ....-.- - - , i,1(,ot^ ol toe nnraniCT, to i(ii» tunnnmg 

I^^^ fr te«*i3- by the compresBion to which it la ""ty^*^*'- ^".■^ "„potly, uoleas the plates sre Wogbt in™ 
"™ its -wt'"'^ ''"e*- «» ««" as at the end. and *J'«J''^heU^ perfect junction U ic^rpcsed by tL .erj 
„r_ close contact iluring the operation, an obstacle to ^"^'f. "Temaitre'B machine fbia difficuttj ia obyi- 
m^os ertiploy^d to bring them int« intimate <='"'*""H j.^ J^ ehflU now proceed to deftribe. 



- 1 -1 „^__aftrv tobringthe platcaupMnhidibeiiiMtt 
Tn nveting by hand the workman finds it n«cB»™ „hUe closine and finislibig He head ol Ibt 
^ cloee conlMt, bj strikirw them with hiB n*"*™! „id„r that the iron pin, whSb i, to fom the 
TiJO necessity of thia wiU be obvious -when we ^"' bloVFa of the haranier, to <(iK tin thnmijh- 
♦«»a<i3. *>? 'lifi compression to which it la ""ty^*^!^ „°^-„„potly, unleas the plates sre broogbt inlo 
•^ - -iB Itiwlh R. woll ». «i tliB ™rl. and that, con»cqu^" _ j. ^.^^ , r. ^ ^^ ^^ ^ 



I punching and rivet 



I machine. 



I <o be operated up 
a<l 6. Tlie matrii 
c A, fixed firmly ii 



) tliQ Bote and foundati 



_ le fined uid nm- 

a extremity of* strong maUeable-iroo Btem « 

«] of the machine, and serrins as <1«P^' " 

ipressing ferule «, and the riveting-die i. Tliis l«t, 



_^^j. It i»= "^ corresponding fc^ed die a, is made of hard-tempered ateel. is filed into a mallaHe 

WJiich, aa '^^^ (;4jol-ho!der B, accurately planed and adjusted to slide in a vertical din-et-— — ' ""''"" 



*-<:>«», Id a socket G, the further purpose of -which will hereafter bo described. The lool-bi.liier 

Werainiii>t»^^^^^jjj rectilinear motion of nscent and descent communicated to it by a roalleaUe-irOTltW 
i> has ail **' ^^its centre of oscillation at die upper extremity of a strong frame D, cast in npiMt««» 
C, which l'^—.-^. by whicJi tl it- machine is find to its foundations. l"he opposite end of Oie le'etCu 
WW sole oi"_ _ * *y,e rod E, to a piston working ir " 1;- j-- c rm_- ,-Jii. _.u;_i. : .v^t^ .nJ 



i foundalii _^j . 

a piston working in the cylinder F. This cylincler, which is open aborcin 
_.ecl "-^^ tJm piston, is fumisbed with a valve inclosed in the valve-boK c. and by this ™1™ Mi" 
close ben«»»-*5^.,^ js aitemately admitted under tlie piston, throuf^h the s . • 



t>jr 



presauro B*^^ 



«» J 



, , . _jd by this f 

•pipe y, and allowed to a- 







-»,— nvriHL.---- ■ - J. . - — — >.^j.. i!==t.j -J. iiiEnuB of the combination <J 

1""" and le vt!"-*. " -^'js tl»« TItTj ■ ? """^hanUm by which the platea are compresaed duhncite 

S"edie J p*"""* „lan«=!} B"'™ ?.?■ Tts "ookBl O I. m.do hoUow for Iho pS™. .J fomng U- 
C° '« ll'» ««Y' I»VJ<=»-. '^"^ „lr™r }• j"°" !=™» ' ■• "'■"I' l-v, theit cmlre of o,d3».l 



ithi 






^■%-ei" C, and are connected ot Oi 

^i^^-'Ll'a^al^'' for'tL''i''J"''^'-'' "I" a mailer dTameii'rthan that "ne^' for ri^Ii.?, 
" T^.^/th^vtlve area™'"'*':'*:^"^'' ""^P^ °f «t^"^^ The rods aaJ lercr* J; 
*»".*5'."g„.L?hh::;!;=*'_?r7"B'^'? '"the same way as those already described. 

VrL '" .".'^ "■"" platos. For tliis purpose two itmn! 

frame which carries the compres-ing fcrule i. To lb. 

-,- gyoides. The punch'ft fitted'^. h ^^ """^"^ "^ o. piu .„ pa.-sing Ihro,^:^ "^ 

t »■*? b f IS mt«a to the opposite end of the sotket L, and lu [» 



socket or to.)l-holdor 
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__ , „ t-j^m ■**> I'* operated upon are, b thia macliine, placed horizontally between Ihe 6md »Dd bot- 
fhe P'^J^ad «- The mau-ix of the fixed die a is at tlie extremity of a atronK nulleBWe-ir™ itwitit 
BWe diea *»^j^ A. fixed firmly int« the sole ond foundation of ihe machine, and Benrini U thenoml c* 
nvc(ing-l>.«^^^i„at the action of the punch /, tlie compressing ferule i. and the rireting-die f>. Tto IW. 
resiatanco _^Sll »^ ''^ correaponding fiied die o, is made of hard-tempered ateel. IB fixed into a malleaWe 
wtiicli, as "*; ^-ool-Lolder B, accurately pluned and adjusted to slide io a Tertical direction, and "iiWt 
iron Btoct: r^^„ in a socket G, the further purpose of which wiU hereafter be described. The t«ilh"ldH 
tateraliuc*e» ^^^te rectilinear molion of ascent and descent communicated to it by a malleable-uoo If ifi 
a has an "'^^i^a centre of oscillation at the upper extremity of a atroeig frame D, cast in a ra«e ™ 
__, by wLieJi tlie macliine ia fixed to its foundations. The opposite end of the loer C B 
"tJj^ rod^E; to apiaton working in the cylinder F. Thia cylincfcr, which ia open abme, iod 
tli« piston, is fumislied with a valve inclosed in the valve-boi c, and by tbia ralve Ingb- 
.. is alteroatelj' admitted under tlio piston, tliroiurli the ateam-pipc a, and allowed to a- 
pressure st*3*»-"*^ 




"« «d le^"»-",„,i;di If" Of" "^ , ™," mcch.„i.„ by wbi=h Ih. pl.t.. « 



irlli''''.''^'" 18 fitted ii 



means of tlie corobinalino of 
1 the command of the wort- 
's are comprcs9e<1 during '"<* 
'oueh the centre of which ibp rif- 
•^•^8 Of riV <?«■'» "a -«' V*^'.'.i!5S!H w""iii"'*'' f '''""S cnai-iroQ «ocketG, eliding exactly and iri<l>»al 
nl..*^ '^'e b P'^^f ^^ oI«n*'*J *1^ t^ {;,!; .1^ i'^'^*'' ° "« """de hollow for the pi^e of f<mm tlK 

£Mo lo Iho toj''-'j„ t «<»-. **^^ „J m^; .'^'"'° l"'=™ 1 1, whioh h«y. their eentr. of «illi 1 
ifrWeol of. "'*' j1. -= l"'-^^.. It Tl™ hSr ,'! ",' "'.°''' "Pl»"'" «tr«mlti=. by the tod J » . pil« 



sion and escape of steam- The roda and lercri i 



Tl.- *" opening- f "^^l**!'* ^-pd to the movabl^ r™ '■'""'V'.'t '^''" plates. For UiU purpose two .in"? 

paS|^»«&"«J''T»?^^^^ f^ketort«,TSrL« ",r'r''.*f'^'^ **•« compres-in'g & i To -h. 

«uTr^'«rui<^e8 S*.^-^*- ^ ^ide,. The pun<i^/ u fitted "(?.''?;? by means of a "pin ,« Ving lh™wM.^ 

uppl^ Of these ^"'^i tJ^*' K "^ * ''°™" to the opposite end of the HOcketL, and .tip* 



RAILROADS. 
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- 4.^ rtntside of rails to be five feet one inch'. 

i„g the width of gage to be 4 feet 8 J inches, "^Jj^oftht rails three fee. on TaZT^', 
:!,« tracks BIX feet; and the breadth on the «H*^;^^ „ilB, or, between k and /, r^* 3181 ind 

hiVe th<5"' '^f '"'V'' "t *"• *"u'" '^Sf*'' '*, ** ' - !^i„^ auS.tion8 for consideration, are ,i*e dopes j I. 
StsS' tw.ew*y-t^» fet* .fo l~he* Th« ?n»y "^"f'°;2f „?red for Uie drainage of the excwHooT the 

A / r4<i«i»-««* ST?" *'^"'8,?^ ?" T^ ""? *''^,^;*VhJr!ndh^ and a slope of one foot l>ori»Dtal. to one 
J th c»f «J»'^ filling IS usually two feet or two feet three incncB, ~» i- — . 

Srt i>e«-F>«'"^**'"i"7i; V"™** '° '^ fPS?"*;, o« H »«r» according to the quantity of water required 

Th^^-**«^»* ^ *ff w""^'/".** J'«K'f/*' ^^«S^de at the bottom^level.'iB gene™lly\««>d 
V'^'^^j^.^^yed off; but one foot and a half on each eiae, »•- i" -• 6 / 

sufficient. ^^^ j^^ ^^^^ ^j ^ excavaUona at tho bottom level, aa follows : ,_ . ^ 

W © ■*■ * ^ ^^» fen. lucwfffc 

10 2 
rp^^^ro 1j 13 es of railway, including rails - ^ 

-VV^icJt:** between the two lines ! ^ 

'VVicit'i* <jn the outside of rails . I! 

required for the slopes I • J! 

^or the drainage _ ^ 

29 2 

»i.:^ ««11 l>e <3io width /t',<?<i; Fig. 8180. . ,x«- * j-.- iv / *i 

A^^^V t^ ^embankmint;. or Ik, Fig. 8181, which require no width for drainage, three feet less, or 
twi^^ !i^ rCct. And where Uie dope of the embankments is one and a half to one, the width at the 
h^!^Zl!^Ju ^^ «^1«^' (^^o feet three inches below if rade.) is thirty-three feet nine inches. 

^.u^^/^^^ ^^<^^^^^^ a«rfm6anA-m«i/«.— Having now ascertained the ^dth. it 13 next nec^a^ 
to HT/^r,^«€5 ebe angle to be given to the elopes of the excavations and embankmenU. These 
d^rln^ .^ «^.«^ ^«?ree, upon the depth of the excStvation. or heigrht of the embankmen ; id the former, 
wh^n fhi m^^*^"*^^ ^^ g™^«l. orVvelly clay, a slope of one and a half bomontal, toone perpeo- 
J««Ur f ^^Mt:^ sufficient; Ind in exEavatioha, up to thirty or forty feet, this slope has been found to 
rr^r ' '* ^-^^11. In some descriptions of clay a crreater slope is grivcn, sometimes as much as two 
Tr^ r^^^ ^nibankmente are generally made with the same slope as that of the excavaUons; and it 
w one. X o*y <^la«*t, with whatever slope the excavation will sta-nd, the embankment formed of the 
^.r^^VS^Vrt eiuch excavation will stand with the same angle of slope. 

fT It ^^^^I i^^ railways the slopes are covered with a layer of soil, which is procured from the base 

of Vk »rvf5<: «««"*»» ^^ ^^^^ *!»« top of **>e cuttings ; this layer of soil is spread over the face of the 

sW^f" V" i3«: inches thick, or of the thickncM which the soil from those places will yield. It is of 

"ope ^^^^ ^^^^^4^ to the security of the slopes, that the soil should be laid on as soon as possible, after 

gj^at import^- g^ naade, or the embankment consolidated ; and sown with grass or clover, or both, to get 

wie ®xcavati5^»^^^^^^P^ the slopes are affected by the action of the weather. By doing so slopes w'dl ofteo 

atanri "?°° * -^i^jrifctiout the soiling and turf, or when exposed to the action of 

»na, where, ^^^^ ^^riU not stand. This is very much neglected in this ^ 9^ 

weather^ ^»»^ cjonsequence is, the cuts are in general either badly "^..^ 

country, and *L y,^ of hands are constantly at work to keep the ditch free 7 -. 3188. 

drained, or a ^ ^^g- the slopes ; and it is a good practice to sow the slope V 

irom the was** - ^rass-seed, or defend it from washing by loose stones ;*. 

witft some *»^VZ^-l>»Dk. r 

wrownover t^*^^ ^^ we have shown the slope of tho excavation to run r^ p^skfta 

m these ^^^^^rn of ibe drain. In some cases, where stone is plenUfuL p- i\~^ ** ^ 

down to the ^^ZTis an excess of cutting, side walls, similar to i-V 8182, ^ -. .;.3^...>.. 

tod where t^^^T^ the sides of the excavation, the line p q showing, in that 

■]* *^Vj/'',*o re?fc^ ^Yye slope. In such cases, stone drains, similar to that shown at ^, are made to stia 

SrSo^d- '"^- ^iB *^^ width o^ ^^ railway. The propriety of doing this is, however, entirely a matter 

of^culation. ^gr^^^ fA^ cros^-^i^^'—'P^^ ^^^ ^o,Ying been formed to the proposed inclination longhudi- 

nJx^T^^^'^'^ -^^^elled transversely. But, as tlie material constituting the base of the railway, in the 

P^^i^ *'^ then ^^-^bankmento. 1? I'u^ » P^per material for a road-bed, it is necessary to cover these 

•if^f '"''' ^'^^^ -^^ Bomo 'Tx^^'^^ J^^'^ .'^'}} allow tho water to drain off from the bottom of the 

Sg«^ ^"^^ ^^'^I^fl likewi^^ forna a sufficiently firm foundation for the ties to rest upon. This is gen- 

"^MydW"^'*^ ^^W«r ^^ oo^*^°g °^ *^">1^«« stone, or clean gravel, whichever is found the least ex- 

'^he'^!; ^ ^ ^^^ing t^^^ '^T^tlt^^ ^u"" ur^f" coating of broken stone having been aU spread 
-■^e drainae-^ M^^^^"S ^^*».tic>n is setting the blocks or ties 

"^ Sf H'^^^^^'^J^tfons^^^J^'T^f^^^^ ^ ^'^^ at a moderate cost, and on the embankmento 

which ^ ^^^ «^=^.T^^n«oU^^^^^^3^t'^^^^ ^«7' r "^^^'- sufficiently the case on a n«D road, they 

^ybe'^ f ^'-^^^/^^Tp^ J-**^^«tS k^^^^^^ "^^^y- "^^ ^^^''^ arei^nstantly settling dowi^ it L 

^adti ""^'^ ^^ bYJi^ ^^^ wooden sleepers or ties, stretched across from 

-i.^' b^k^n -^^^--^ -Isr^sroJThVss J^:^^^'^^'^^^ "^"ke'orrhrs.;rfar;aie;; 

^71"^'^ i'^'i-re^^^^. ^--r -Vo« w^^t^^^^^^^ n„^ ^^' ^^^' •. --> the use of cross-ties of 

''ood i^!^^tic»n »y^^^\^%4=p^^^^' ^ "® '*^ In our country, where the frost is so severe, 

^'^^M 4yf stoo^ *^ 
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-♦^ .1 w%r 13 driven between the rail and chair, and ezpandiag by the «i«p 

e, being ^l"*^.?^ impressed bv the conveidty of the chair, which produces a ««; 

It is very JJ*^""^ thus fastens the wooden wedge so securely that no working ta» 

- at the ends, »" ^^^ ^ey has, of course, no tendency, except the mere frictiooff 

cfcd the rail or ^J^^"^ j^ ^f the rails at the joint from sepamtiug. 

-5=^, to Pf^T^".* ^I^f ^l^air in use on the New York and Erie Railroad, in this State, which 

scints the form cw ^^^ ^^^.^ ^ complete in itself, and tie rail fastened by meaDs of 

'^i'^.-S^^s independent af the oak wedge, which is driven in to prevent tk 

L ifa I^ from the vibration caused by Uje passage of the tiain. It wiU be per 

m itfl fccai^ forces the rail down in the chair and firmly against ita opp^it* 



X in its seat, from 
tion of the we 

** p-mAnaioa and contraction of the rails, by the variation of temperature, amouots to 

r^Jart of an inch in a rail fiftcGTi feet in lengtli. It has been attempted to obriate this 

tHe ends into » half-lap joint, but with partial success only, llie best thing that can 

t:. is to preserve the parallelism of the upper surface of the rail ; but the openinf? of the 

I from the expansion and contraction of the rail, an open joint must be H 



IS 
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ixnensions 



upon the temperature at the time of laying the rails. 
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n of rail laid down on some of the railroads in this country ; with thb rail chiiis 
li, the base of the rail being- very broad, and being laid upon the longitudinal sills or 
rted to them by the brad-headed spikes c and rf, which are driven into the silU A 
't.l-Me end of the rail on each side, somewhat lonq^er than the width of the spike which 
t:lie notch, thus permitting the rail to expand or contract, while the flat head of ibe 
fmx-mly to the cross-ties. This has become a favorite mode of fastening rails in this 
l)e said to be universal, sometimes without any chair at the ends, and sornetinics 
to prevent the ends of the rail from bedding themselves into tJie wood. This fi*nn 
wn in Europe as the - American rail" The following are a few of the varioas 



uise: 




section of an experimental fish-bellied or elliptical rail, rolled by the Newcastle and 
^ CJ?ompany, for the purpose of ascertaining the comparative rigidity of this kind of niH 
sfc »f the same weight per yard ; the weight of this rail was about fifty pounds per jard ; 
^ -t^:ie extreme depth, and the dotted line a ^ the smallest depth. 
*^«, section of the parallel rail, rolled for the purpose above described, the weight o{ 

ii^nfoL ^"t P®*" ^'^.^^ ^ ^^ ^**"'^ ^ '•^"ed. Ae area of the wearing or top part 
I^recisely the same, as likewise the breadth of tlie ha«A • hnt f.h«v differ in the depib 



'« middle part of the rail. 



breadth of tiie base ; but they differ in the depth 





Z^J^iu^l^r^f ril?"f* '^''' "^"^ "P^" *^« Liverpool and Birmingham, or Grand Junction 
« aching about sutty-two pounds per yard. The top and base of this nul are the aune 

e^se^oJTln'^th'o'T'*'*-^^ ¥''• S^«pJ>enson, and weighing about forty-four pounds f>er 
^inrpa^te Thi-^ ^Z'""^ ^^"^^ "-^'^ ^^^^'-'^^ d«Pth in tL middle, aJid the line « A the 
ring parts. lUjs rail does not swell out at the base, being intended to be keyed into 

3S01. 
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are coned ,U different angles-which in pr«cti<^ ^^ould be reiy inconvenient, if m^^^^ 

ble— the different elevations of the outer rail would not meet the necessities oi J"^^!*^ gpeedof 10 

as a si)eed of 30 miles per hour requires an elevation some 11 ^'"l^^y^^^^^u to the exUt which 

— ^ •^ ?_ ^.^Il«>^l i>t tlia i^st- 




injf. auiiu*. g ■••v.u uu mc irt-au ui lue wiiw*, auu engineers diner verjr «*» — o-iven n)eedH«siW 

elevntion whjch should be given to the outer rail. Tlie actual amount to "J*®^^ * S« , ./g * ■ . , ^ 
estiinatea ; but whether it is exj^dient to ^ive more or less tlian Uiis, or to provide lor uie ireigDi or 
passeni^t^r- trains, is as yet an unsettled question. 

desirable to adjust the rail 

road, or in 
the curves 



As tlic-re cam be no cloubt that the lusher velocities of passenger trains, even with t^^eir Jess load^B 



productive cif greater injury to a road than the freight trains, it would seein f-<^s'"*^'^^rnrr 
with the surplus elevation due the higher vehicity -if the road were essentially a pas.engt;r 
other word^. without the freight tniins were la,yel> in excess ^^J^^'^JP^.^^f^'f^^^^^ rail, rather 



to the latter tnifBc, having in view the diminution of " wear 

than an €?conomy of motive power. , , isiQ\.h«w 

Great Western Railroad in England^Mr. BruneFt p/an.— Fii^s. 3205, 3206, and 8i«W^!h;!X«1 
a plan and different sections of Mr. Brunei's plan of railway. A B C D E F ^ ** ^^^^^^^^ncKi^^^ 
raUs forming the railway; the^e longitudinal raiU are 14 to 16 inches broad and 6 or ^»°^»^,^^^^ 



them the longitudinal rails rre secured. 1 2 3 4 6 and 6 are piles wbich, in tne <^u"^"»^ "''^ » ^ 

to fourteen feet in length, according to the nature of tlie material, and in the «™*^"^°\^?" ' _% ^^ g 
feet, or of such a length as tliat they will reach from the base or formation »»"® .<*| J"®.!*"^, Le-L 
feet into tlie original surface of the ground. The cross-ties are American pine, and tne pues w uc 



{ 

1 

I 



3205. 



BC 



jiL 



If 



on 









FI=II02 



t^ 



I 



23 






3b 



H 




3S0S. 



3S06. 





T 




The plan of construction, or of forming the railway, is as follows : the piles are driven »*.™**7*'L 
every fafu-en feet, as shown in the drawing, and in the middle between the longitudinal rails, in cu 
tings, they are driven from eight to ten feet into the ground, below the level of the <^ro»s-sleepers , w^^ 



on cm I 



embankments they must be of such a lent^tli as to l>e driven about the same depth, or seven ojJ»^ 
feet into the original ground. Upon an embankment of three feet thev must be, therefore. ^V^.^J^^ 
feet loner, and *^o on, according to the height of embankment, and tlie kind of subsoil into which tn^ "« 
to be driven. Tlie^e piles are always to be driven to the exact depth required ; no part of ^l^e new 
allowed tj» be cut off; but if the pile does not drive to the proper depth, it must be <1™'^",*";^J"^J: 
again. This is for the purpose of being cert^tin that they have sufficient hold of the ground; near w 
head of these piles, as .hown at 12 3 4 6 6, Fig. 8205. and at 6 f,'f and dd\ Fig 8206, a «l«««;f ;»7^ 
f\i I '"^'^* i*' "^*^« on one side of the piles for tlie single tiea, and on both sides of the piles i -- 



for the double ties. The ties or cross timbcirs are let into these shoulders, and they are firmly ^teaw 
the odes as shown in the drawin^rs. The double cro:»3-timbers are laid down thirteen inches, snd ine 
sinsrle timbers nine indies below Ihe line of the rails. Betw€>en the double tinibirs, as .'howD ai ,V^ 




inches below Uie surface of ''tlVe'^Vron "raifs^- they are bolted to the cross- timbers with ecrcw-bolt« ana 
washer^ as shown at «nnn. Fig. 3205, and bv a hirger scale in Fig..3207 ./being the crt«s-t.m^^ 
and A B the loniritudin«l ti.^K^^« • th^ latter, it will be seen, is let into the cross-timber a little, iw 



-^itudinal timbers : the latter 

, . '•« being 
countersunk into the unpe 

to mat ttl A> AnoU -o .■ rt"" 



single cr«s8.,„nber« being rfeepor than the doubl« cro^-timbers The head of the tolt •"'•,^^,y 

upwr suirace of the lonKitud.n«l rail as ^hown in _ the figure One of the-e taW 



is put in at each of the'^S^intr'of intersection of the longitudinal rails with the single cross-timbers, ma 
two bolts at each of the^ints of intersection ^ith the double timbers. 




Fig. 8208 shows a section of the rail use 
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.. . i_i i%«ilt • and it will undoubtediT 

are fulfilled in a high degree by the cross-tie track when thoroughly DU"* y^^ ^j^^ ^j^^^^ heretofcre 

for many years yet form the baaia of our railroad structures. A "®^^*® j:*ioii to exhibit its merit 
in use "vv^ill become necessary, before it can be considered as in a concu 

advantageously. ., j x- ^ * *t,«;.. reaoective heads: LoooMom* 

For tlie vanou? machmes used on railroads, rcforcnce is made to tneir Tcoy 
Engine, Engines, Furnacb, BoiLKft, Frog, Swnx:nEs, Torn-Table. Ac. ^„x^„t eranted to J.Cowes, 

RETORTS, for generating gaa. The following is the specification of a P*J^°;^^on . 
Knglana, for certain improvements in making retorts for generating gas lorix ^^^^j^^^^j^ ^^j p^^th^ 
These improvements may be considered under two heads : firstly, xne "~ „ ^^^ ^^^^i ^j^ of 
and other materials of which the retorts are to be constructed ; and seconoiy, 
moulds and machinery by which the retorts are to be shaped and ^^^^^fP^^^ ^s will be capaUc of 
The object of the patentee is to make such clay retorts for *?®°®J[f^V^^«re required to be ex- 
withstanding the effects of the various changes of temperature to ^Pl^/^ie nropwes to mix with 
posed. and consequently render them less liahle to crack. To *^«^'"P".®'*|%° ivi- the purpose, saw dust, 
Newcastle fire-clay, Stourbridge fire-clay, or any other kind of clay ^^'^"^ '^^rts. jmd other carbooa- 
pulverized wood, charcoal, coke, carbon obtained from the interior of ?^ rpug ^lore aluminous the 
ceous- materials, in such proportions as the quality of the clay may require. .^^ ^^ y^ combined 

quality of the clay, the larger will be the quantity of carbonaceous matter re4 matter, compared 
therewith. From one-twentieth to about one-fourth, by measure, of /I**'"*' ."x: „ of Quantity depend- 
to the whole mass of earthy materials employed, may be combined ; this variai ,^^J^^ ^y potters 
ing, as before stated, upon the aluminous condition of the clay — a feature ''^*'". « porous, and conse- 
and the makers of clay retorts. By these means the clay is rendered P^"^"^^ Veneration of illn- 
quently less liable to crack by the changes of temperature. Clay retorts for i. J^rthv and carbco- 
minating gas, of all forms and structures, may be made of these combinaUons oi e»r j 
aceous materials.- 



3310. 








The second part of this invention appUes to the peculiar kinds of moulds, and the ™*<^*?f^ f^ 
employed, for manufacturing gas-retorts from earthy materials, which will be seen oy reieit^^- 
the figures. 
Fig. 3209 
forming ret 

the internal parts of t1ie'machme,'bv means section, taken vertically. f/^^'Xa 

drical box or chamber, into which the pUxstic clay and other materials are to be 'P'^'^^T^filp^uired 

man-hole or aperture 6 at the top ; c J is a core, made towards the end r, to the figure »» we r^^ ^ 

internal form of the retort, the other part of the core d being cylindrical and hoUow. tj'' t^® ^^ 

%htnes*^ This core is placed concentrically within the cylindrical box or chamber a, «»^ is maae 

thereon by a stud and ^ey e, to the end-plate // of the cyhnder. A circular plate ffj^!^^^^^^^ 

w.thm the cylinder, slidiii over the core c? for the purpose of compressing the P!"»*'^^fX"^^ ^, 

earthy materials contained therein, whicU piston has several rods h h h affixed to *^^^\«;*L^^^^ of 

"'^''"^.P^^er or mechanical force may be applied to drive the piston ^?^^^ ^Z^^}^Z^^, 

the cyhnder there is attached a nose-plcco i i with a plate A:, whicfc, together, may be ^aUe^. **^^oc 

for on the piston beingforced u^the pln^tic clay is made to fill up the nose-piece and to m^^^^ 

form the end of the int«ndpd retorL whicli. when the machine is in operation, wiU be known oy-™^ 

portions of the ^^V^^^l^^^^ «^ ^^^^« ''' ^^^ ^"'^"^ P^*^^ *' ^* ^^^ ^ "^"^ ^^'i fili^^ 

Jn^. that the retoftXu^t^ bfmad'e l^^ this machine is nearl/of the transverse secUonadfi^^^ 

the letter D; but to this fi^re the inventor does not confine lumself^ as ^^1 ^S^^^ ^?^f^^ part 
be made by means of the same machinery, by altenng the shape of the nose-piece t » and the end par. 

^'t^ rd%^f a„t:d^^\£y r-^t^rl ^^^it^i^Jrr^^ nose pai. of the machine, the pUtel 
must be removeVtm fhe'n^se^^^^^^^ the piston ^ forwa/ds, the pUstic d^ -1^^^ 

lected out at the end of the nose in the sbape and as a continuation of the retort (the end of ^^^ 
been formed as deacriK«,l\ ♦r* «.nv leno-tb required, m the manner shown by the secUoo, Jig. ?-[*'r^L 
it may be receivedTn^^^? *^?^^ bv an enJlees travelling cloth, or a board and rollers ; and Uie length 
of moulded clarmaTlTK^t o¥ » ^'''^ '" ^^^ ordinary way, and sent to the drying pUca 

Another fori? ^Ln^fi^^o^of th^ m^** »* ^^^^'^ "^ longitudinal section at Fig. 3218, m wbA, 
instead of th^n^'e W^^I^^ve descrl^^ * J^-i^^^L hoop, of of any other required figure. « u^ 
duced as a die, T^^^^^^^^S.^ operation of making the end of the cUy retort, muet be keft 
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in the hour, uid by the use of one-hor»e power it nill cleaa twice thai quuititj. Th 

j^b^is*"*^ ^^-t ft*'' f»"'''j ""* *^r simply passing it tliruugh the machine, and by the useofsikw 
^****' ten^'** *=*■*■ ,^_^ -J by cmplojing a pulislier and screens, it id made a perfect article. To diwinn tin 
lio * \jija. ■^^- "■ ^ * 1 ^j lining rice has been attempted witliuut nay very satiefactory reault for ■ nuDibeiol 
»lW*lL\liO* o^ ^^ jt hna been attended with the greatest aiiccca?, Iliere has been slwayg (belo^i^t 
\ie^ . ftiii -wV»<^ "^^ «xsr cenlago of the (train. It is believed, however, that Mr. Strong has »t la»l ceo 
3****in(«i*^*'**'*^ ■^^*!tliiit will accomplish the object of cleaning rice, with the least poBaible and wilt 
'*''JiH4 a •"'•^'^J--- otiblc lo« of the grain. 

'""tK»"y ^^-^55" El'A"'^ SCREWS. MACHINE FOR MAKING— By J. G. Dai, BroofclyD, S, T, 
**iaV?^ ^^""^ «i»e piiWQtce's description of a machiae for making rivets and blank screvs, patcoiul 
^ Io\\ow'\ng »^ *• 
itw 8 1^'- .^ m-Kiy invention consists in the discoTery of a speedy and uwful wav nr nrnvu fur mak- 
''t^o'n**-'^*'' "i » .rm_K3K BcrewB,witl"nw:hinery tlierefor. This machinery com 




^ ^^ir.g Prt w^ ton Jch >,?h^* " f^"^ "f die^. each of which dies is pl«ed equidirturt fr«. <ta 
•*f^aa "» '''^twXJTh^din^^^ "'''»" intended to be bfcujtht. one t* the place of fcediDftUHl 
'•^*»t»>^'" *" * intLn^r«le and^;.""^ "^^ '^ *« place of dischanpog. «" "I one nod the aam^ tim'; 
**'I^ i I* »' "",.' fT^ ^^,- "llf^rDaU time the d^bL mav revolve and by auch revolution bnn? the 
^^i -e*°f <^"»'"""^'^P~""'I~i«t.for tl^'tfc^^Uo^ii^ to be perfbn«d.thedi.kr. 



BIV^TlNQ MACHINE. 



.11- ^i-.w^ir bv hand the workman e»»da :. n„„,a^ („ hriDir the plate* upoo ■hidi be n odoi- 

ri^L The necesMty of **>'« ^ , „hi^l, it i ^''t'en we coniider that the iron pin. -obKh « to ft™ tta 
ri"t te^dl bTthe iompres«.on to ^jfj^ *^ -ubjected by (he bbws of the h.u,m« to.(^™d,™^ 
™t iW wholelcnKth. as '"'ell as at the ^^- «ind thai, cnsequpntlv-, unle« Ibo pintej m bWitM. 
^d^etr^f during the °If ™ ? ti™^t^**^*«='« ^ Ihe^porf^l j,mction , inj^^r^d bvl* ,m 
nSis employed to bring *!'"i"f^ve c<>nt:V?x,^*'^«'- I" "" ^'"'^'^^^ "^T! ^^ ''■f'""^ ""'"' 
ated by « very ingenious and effeclive r»-^ance which we eball now proceed to d^ib^ 

Jig. 8220 is nn elevation. . ^f'^^^^cbiBi^'*- %- 3223 "i end "«''' """ ^* ^"^ ' I"""' '"^ 
of the Blsam puiichU^ and nveunt 



The {dfllea to be one«(ed upon are, in tK.a machiiiB, placed boriiontaUy between the fiied sdJ mor 
able dies o and 6. The matrii: of the fixPtl die a is at the extremity of a strong loaUeaUe-iroo "W" 
rivoting-block A, fixed firmly into the sole and foundation of the machine, and serving " "yT^"" 
resistance agamat the action of the punch /, tbe compcessinc ferule i. and the riTeOng_-<lio ». 1«»™; 



,. ^ P'lnch /, tbe compressing ferule i, ana him hvcuub™- - ,. ., 
irresponding fined die a, is made of hard- tempered steel, is fixed into """i"'" 

- " - ■ ■ ■ - ,.1 -.1! 1 ._ _i:.i-^,n a vertical direction. Urt «"»■" 

Bafter be described. ..Ill' W"'*:'^ 



. . — ~ -—"...,., -B ■••.^u T-a^vj a, IS inaae oi nora-iei 

iron stock nr tool-liolder B, accunilely planed and adjusted to slid 
lateral motion, in a Bocket Q, the further Jiurpose of -iliich will he: 



C. which has its centre of oscUlalion at tbe 
the sole or base by which the machine ie fixi 
connected by tl.e rod E, to a pislon working 
close bcneatli thu piston, is lumislied witli s 
pressure slcam is alternat«ly admitted imtiei 
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Jr extremity of a strong frame E ,,^^,^^ 

. vo its foundations. The opposite end of tt« is«'-J 
> the cvlinder F. Tble cylinder, which is "f«"^V. 
vnK-» in^i™^^ i« .t,»=„lvp.hQie,andbylli>8Til«'ii[» 
f, and alloittdt"* 




"■■T "■^."gl' the oxhftust pipe A. The valve is rai-cd or depresaod bv means of the «- _ , 
rods and lever, ,/ff_/; which arc disposed so Jia to p!ac« the mnfhine -witlin the command o( Uit «"^ 
man who soperiiitenda the operation. The ntochanixm by which the plates are comprHsnl duniiff* 
process of rivetio" consbts of a cylindrical steel ferule .-Fjir. 3223 thVourfi the centre oftWiihc"; 
eting.(l,e i pas,^g= „„ J which again is fitted into a strong oLit-irwn ^ooketO, sliding eMrtlymJwW 
pJay, between two pinned guides H H. The socket G ia made hollow for the purpose o( Unmw "* 
guide to the tool-holdtr B. aa we have alreaily mentioned, ntid receives a motion sunilar lo, "M* t 
dependent 0^ (he latter, from the two malleable-iron levera II, which have their eentreotooiU''™" 
(he same point OS the lever C, and are connected at their opposite extremities by the DdJM'r" 
contained within tlie oyliniler K, This latter cylinder is of smaller diameter than that uwdtonw"^' 
and like it, fe proviti^'i with a valve e for the admission and escape of steam. The rudi tai I'''" '■ 
tf. for opening nod shutting thii valve, arc nirangcd in the same wa3- as those nirvadj' dwcnhal 

This machine i** n.cl»ptcd for punching aa h-gH as riveting iron plates For tliis purpw W" 'l^ 
parallel Ruiilea ai jvt are fixed to tlie movable frame which carrios the compressing fenilei fo* 
centre of Ihfsc trijitIo-3 a socket or tool-holder L is attached by means of a pin in pissiog lirousli " 
upper eitttuniity B.n«-« "'« guidus. The punch / is fitted to the opposite end of the Bo^el \t-'^'^T 
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y'A', pipes for the admiB^ioD and eaoipe of steana into aad from the v»l«e-bo« - 

t, the conipresBmg fpTule. , ui~.V are bold tarclbw, 

k, a Btrengthening piec« by which the foundations, frame, and rivelmg-oKx^* "• -o 

/, the puuehing-toof. , rnnuireiL 

m. ft joint by whirh the punch-holder L msj be turned upwards or downwards, as ™i 
n, a. small sheet-iron nriii vbich may be used as a marker. 
o, tlie 11X19 upon which this mnrker is Sxed. 
p, a handle by which it may be turned out or in u required, 
B, tlio hollow riveting-block ueed tof riveting tubes inlemally- 

O, the stock or dle-lioider used in the same operation. , .„ „,™,J 

S, a long rod terminated in a wedge r, bv wluch the rivetinR-die t » made to atwenn. 
r, a Bteel wedge moving in the interior of the riveting- block N- _ ,,,„ —^m , 

t, the internal riveting-die moving upwards and downwards by the action o""'' 'T'^ 
u, the oitcmal rireting-die raoviug upwards and downwanls by the action oi me 
BIVETIKO MACHINE~By Wiluam Fawb*,,^ 4 Oo^ MarwAeater. In ""f^^'^^'l^ul^'Cn 
eiunne boilcre, however varied and important the improvemcnta wbieb have, "™ , ^^ i,„n 

ngement ht their parts So attempt baa, until a very rcceW P="^^ 

of their con,traeU*^^.by the Introduction of ?« ''^^^; ^^.^^l 

I the necessity for manual labor. It ia true, the pmicbinK and eheariug mnctune n»», v^ .■ nUiet 

Iificftlioii3. been long in use, but it is only within the last few yeara that machines lor Dcnuing y^ 
for making rivets, and still more reeenlly for rivfting. bavu been introduced nrnoowd, and «1- 

For Ihia last purpose, a variety of ingeniouB and effective combinations have ''™.^™';~rL ijuij 
though, OS yet, none of Uiem has come into very general uso among boiler-makei% there "^ j^ ^ 
doubt lliat the laborious and oipensive process of riveting by hand will bo s"P«''"™™ "J^ 1- ia 

I this machine. The first idea of the riveting machine iTdue to Mr. Fairbairo. "' "■"^^^Vj^ibe 

I 183S, patented a machine ia many respects similar to the common punching '"»';"'",*'(°:V_uJ ibe 

I great lever of audi a form as to comiuunicalo a horiiontal motion to the dies or tool W "T™"^ 

head of the rivet. The machine represented ia a modification which Mr. /""™'"' Jt^, u- t«B« 
I in which he has introduced aeveral improvements, and remedied aeveral deffecta to wiu™ 



The principle of Mr. Fairbaim's machine conabls in ila performing by almost m.ftantaneou.. P*""™; 
wnat could formerly only bo done by a long aeries of impacts. Kvery mechanic is aware that tne opo- 
ationofriVBting. in all ordinary case* rcoiiiree the services of three men, one to hold a hammer or "''>" 
,^»T.l? "". ''T''" ""> toiler, gainst the head of Ihe rivet, while the other two beat the P""™'"« ™ 
into die conical form Riven to the rivet cm the outside of the boiler. For this operation .eiy expert saJ 
•ktlli.1 workmen are Squired, that the rivets may be fixed soundly and fim.Ty witlwut .njunr to d« 
P'»^' ?'"' that all umicccgsa^y hammering, which has only the effect of weakening the nvet% may U 
•voided. By men, of UieVi^lin^machioe. the pnK^ess ia aceomplisln^d with much greater rapidny 
and rcgiilari.y, ^-Hi,^^^ ^^u<,ing the stuoning and disagreeable noise unavoidable m hand nv.'^- 
Besides tbeae advantajre*^ the oiS^ration l>einil. as we have before said, performed almost mslaDUae 
*'"i^l. *i "'*.'"'"'hi"erUie dangerof injuring the ri veto by hammering them when too cold is avo^ 
and theLcmispherical, whicli we think greatly preferable to the conical form, is more easily unpria«« 

Fig. 3127 represent, an elevation, and Fig. 3128 a plan of Mr. Fairbaim's machine in its mwt inh 
proved form, and w, ji j^ _„„ constriictefl l>y ••''"■ '' possesses the advantage over his first prop>«« 
form, of being mure comoact and portable. nO'J '^ eapaSlo of more extensive application, being adapUa 
»o nvet angle-lr^ a,|j ^j, ,he corners "C boilors and cisterns. 

The aote or batn. of ,],„ .„a,-liiiic A is made of ca»l-iron, and mounted uwm wheels adapted lo tai^ 
for the convenience uf"y^*g it to any required pUce. The framing B^ U cast in a piwe witli ibf 



SCREW-CUTTINO MACHINE. 



,d lever, by which the Bliding-bolt K and Uie ^PwdlB Cvednf'jt 
the ttrbor 6. and bearing ftgainat the uppermost of the be^J^^f 



itcraunk opening "y^jj ml 



boll K- E HI (ire b handle and .. 

» gpiral spring M surrounda the arbor XJ, ana oearine Rgamsi. in" "I'Ky ■""'.- ~- — "- VtujH"" 

ttc nuUcy K. causes the spindle and bolt to descend, when the handle E la sIlowBd toj^^" 
ien tha moUon in both directions regular and smooth. As the bolt K descends it is broi«» 
j^t \"ith -tiiB pins JO, which are made fast to the jaws and forces them^ oper 

In ueiDK t-his machine, when the handle E has been moved b " 
deMendecT. a. blank, which has been notched, ia fed in through tiie counicrauiin uyaiu^ -^ j, 

■ ■ „.. . „ ^ . ., . J fonrord. which aosttsl^r-^ 

j.al of (ha l*r««"' 



, inter between the jawa. The handle E is then dra 

brings tlKJ liead up against the cutting edge of the tool Q, by ipLich the it.m--™-. — — . , 
tanenualy efiected, the ed^e of the tool projecting a little within the countersioll. b KHIII^M 
hanillB Iw^liE the biank is bberated and falls out, and another ia fed in- 

SCREW-CUrriNQ MACHINE. This ia an invention of PjcxEa H. 'WiHso;!, Esq,i,rHKHri 
HUnms, for cutting seraws. 

~^ 3260 ia a perspective view of the machioe, as arranged tor cuttiag a ToaSt Baewapaeirria! 



metaL 



fig. 32G3 is a plan of the cutter. 

JT'lf; ^riture of^^" "■ ""' ^^ '" t*"^ "^ «f cutting the thread in a nut 
knuwn mechanical prindp'irhiTch 1X?^aiVfi^'°'"* '"'' arranging in a SDiUbls frime artua 
joechanic lo make screws and nuts with ^n./r? . T '"? "*'*^"' machine, whici mU ™[Je the 
in «ise greater di^palch and correctness than b, the moda do- 




^4g SCREW FINISHER. 

fj^ (he l>lanlE to bo cut ; the head o' of this lover U widened out for the puipoae ol 

^j which is sho-wn in pkce *t ix, Fitro. S257 and S264. j -j -. ^^b*"! 

Thia ifl Iteld in plaie by the c«p P, which has » cur»ed grooTe on ita w^a^f •"^* ^ [^ > 
^,e„ , pressing ihraugh J,id cp £to the head o of th« lever : r i. a steel apring U»l ^ V 
rte loner side of the leyer o, >erving to foree it back when not prised up by the »pp««W>^J 
the cutter \B mado to operate on the blanks, which I will now describe. V^ 

E, shown moat distinctly in Pigs- 3256 and 32S6, ia a. cara-wbeel mode fast on the '^''^jUl' 
Bhttft B- Tl>e periphery of this wheel is divided into fourteen equal parte, and is eu( W** ^^ 
it thirteen tootb-like projections ddiT, Fig. 3256, the part it occupying two of the '^'™r,_m,[j 
lea»n>l! t'welve, dd, equnj in size. Each of these projections operntes aa a cam in csuiiny tWdWnl' 
operate on a blank; the number of equal projecttong determines the Dumber of time) lliiit ae|| Ui;^ 
bIibII be acted on bj the cutter, and thia number may be varied, but tliat which I Lave giFea ii Jggij 



It far screws of ordinatT siie. To llu. ™.m .- j. 
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550 ^ 

tbe cam-^l^oel E there is attached a broad rim or hoop vv, Fi^. '^255 and tte 8^^^^^^ 

iB mdicated a.lso by the dotted Unes V V, Fig. 8256 ; this hoop is continuous for a*^"* ^J/U' 

^Je, aboi:i1: X-1 1th of it being removed, as at the part h. The outer surface ^^^ « ^r^^jfi/^ 

"^^l ind smoo^yi. and there beire on it one end of a crooked lever Q, which f «|;^^° ff^^^^^Jti^r^ 

8063-, its end Q is that which bears on the hoop U U ; it has a fulcrum-pin at Q . K isap^ ^^tij^ 

to the upper end of this lever, which pins entor a notch or opening" m a P'^^^^f ' lT frame <,L 

the vertical sliding-rod P that makes a part of the sliding-framc PP. FifiT- ^^^^'//J', .X i<?f<'rV» 

tbe ahaft of tlie screw-driver: when, by the revolution of the cam-wheel, the end Q ot *''p a t]^ 



lever Q into tlie recess in the hoop U occurs at the moment that a scre'W has been iinufaed. l2yF^ 39J5 
and 8256, is the shaft o{ the screw-driver ; this shaft passes throug^li and revolves within io the anu 
O O, Fig. 825 G, making a part of the stationary screw-driver frame. By" means of a feather the shaft Jl 
slides freely up and down through the wheel ^r', which is driven by the wheel a 0, Fig. 3258, is the 




screw o", serves to adjust it to the different thicknesses of the heads of the blanks, the shaft R is de- 
pressed, and the screwdriver kept in contact with the blank by the bearing of the lever Q oq the 
noop U U. 



3257. 





removmg of the finished screw from the tuVK»« y* ;<> ^» 1 i 1. ^1 - ^ • , 

led in the depressing and raisin^of the^' ^*^ ^.^^^^^^^^ 

_ __j _, « .. ,*? ... *n& 01 uie Bcrew-dr,v.o. s i?:«^ 3255 and 8266, is a stationary 

rod p'; there is a slot along the 

_ I this slot and bears upoD the 

bears on the hoop the rodjo' » de- 

^ube containing the last but one fintshed"«orrfJ*^l/^"°^ f ^""^^^^ *^® '^ P' "P' "^^^ P"®"'^ "*« 

»e apparatus used for causing the zone or w' f^'P^^®^ »*» ^^^ »t falls into a receiver. 

wt,ry to its being operated on by the cuttAr ie !!i • revolve and carry a blank to the distance ne- 

eide of the worm-wheel DD is widened ont^"* ^^ ^'^ ^^^^' ^268, 8259, 3260, 3261. and 8262. 

^^-r-oove passes uniformly round the wheol ov^i^? ^ ^ ^®*^® ^ guide-groove f/f formed upon it; 

e, aa represented. Tliis groove receives th!r^!?^^,_**, ^® P^*"* /'' ^"S- 8255. where it forms an 

a-» t€?ly in Fig. 8262 ; from this arm a sh«ft \*^ " ^ which constitutes the end of a short arm a", seen 

a 18 firmly attached to an arm or lever l^^il^^^ ^^'^'^aHj and passes through the circular Uhle 

ece K n shown separately in Fiff. 82« 1 ««^ *u ''*^^*® °" ^^^ *op of the table, as seen in Yk. 325L • 

*^ by dotted lines in Fig. 3268. Whili /I • ^""^ ""^ '* ^ ^^'^h the shaft M is attached is rep- 

K remains stationary, but where it ent^Tr- « ^'" ^ remains in the direct part of the groove ff the 

^ck and forth, and carries with it thtZt^^''^^'' P^*"^/' ^^ '^'^^ ^'^ "^^^ to revolv/par- 

M to which It is attached has its step i,f it!f , , I^^SP^ 9" '^ situated below the table A'- the 

aight part of the groove f. a spring y «,« 1 "*^ ^\ ^° <^"«« ^^ F^ 9 ^ V^^^ readily back into 

t said pin, as shown in >ig. ^3262. ' ThA^'^'^^^J °^^*"^^ '««««» ^^^^^^^ 

*oen separately in Fig. 8259, so as to relk^vp rt^i^*" ^ *"" ^« P'«^^ ^ ^^^« ^'^'^ «»^e bolt v F^ 

L J^^^f???»:^\^'f\*<^. ^^orres^'^V „^^^^^ ^^H? ^^1!^.*^^« «° the interior ed^ 



ring 

will 



/'. These notches x x\ Ac., corresl^Tn^"- "^ ?°® ^^ '^ ««"^» ^^ "^^^^^s 00 the interiofed^ 
a be manifest that the bolt y. xvlien ^« n number and position with the tubes for the Wank! 
T^« bolt y is forced into the^lotchT, by mollj"/*"^ °^ ^- "^^^^^^^ ^^^ ^-P the ring it 

V means of a spiral sjiring z, acting against the plate O. 
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^„ is api>lied.upM, which there are two puUejs CC, --itb bunds tor driving the dil^' P^''.. 

&n«Tr*^I> i; aThirl on the shaft E, wriich U^e« the circular cutter F, by •b|difl..O 
Z be wcked- A bftnd from the whirl C drive, the whirl G on the shaft H, up«. wJiKh tie^ -^ J 
1«» screw or -worm I, which takca into a pinion J. upon the upper end of n vertical sIibOIW^^ 
oE which rvuns ioto a bridee-tree or shiftine-bar, the end of which la ehof^n at K, tig.S.BO- ^^ 
c^es an enaicH ecrew or worm L, which tnkes into ntid drives the toothed wheel M. F» 'J^ <^ 
toothed wheel is on the sune shaft witli that ofN for holding the blanka ; the lower end O^ff 
eri BhaB being seen ia Fig. 8268 ; the connecting-rod P acting upon (he bridg-e-trec ■"■ ^''"x\_(ifi 
The blanlc- -wheel N is in two parts, divided through its plane, as shown by the line Bta^fJ'T 



; one of Iheae parts ia fixed firmly on 






uid hold tfae blai 






Fig'. 32a6, which coufines the friction- wheel' box ii 

lar one is placed oppoBite to it, and bears upon uie n.i 

SoBtiuo th.8 Ihrt.on-wheeL The ahaft "which'carries the 



TT, and bj this meaos the dei 



tplh of the nick is perfectly r^ulaled. 







^■^^^- *^il'l-f n**?* *'"% described the congtruci™ i ...■ 

bli«-«-*i-"*^ »»«ieci ix ag It approache* the cotter nr,j Pywer, the blanks are dropped into tha hnlu i„ VT^ 

="-»-»-*'" ""'' » "» 1"7, p^ dt Ih. o.Sta.''""""' •>•' ™ »• bj "fir o™ gSrK^^Tfc IS 
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SCREWS. MACHINE FOR SHAVING AND TURmNG. 



fulcrota-pirk r-, has the end of one arm 



■ iW 

m working in a slot 9 of the catrnage t^^hiletbe endo!^^^ V 
ist which runs in a cam-grroove e, made m the «ce <>f ap^^j^i^H^ 



32C8. 



the sanae direction, the groove runs towards the shaft by a curve tlie reverse of that fr^^.g^ui(^^ 
purpose of moving the carrying-wheel towards the ^awa to present & new blank, the P^ i^i^figf^ (fO 
the carriage from the jaws having turned the carrying- wheel a distance equal to a sp^ ^^ 
of the holc2» in the dies to present a new blank, and then from the point 8 to 4 tbegroora h CMm 
to bold the carrying-wheel in the same position while the head of a blank is being turned. Jleotlw 
half of the cam-groove is similar to the one described to repeat the operation. So soon as ihe canriog- 
wheel has completed its motion towards the jaws and while that part of tlie cam-groo?e from the p^l 
8 to 4 is paseing over the end of the lever y, the carrying-wheel is lield firmly in that positioo toWd 
tlie blank firmly while it is being rotated by the jaws and acted on by the cutter; and tLis is done hv 
tlie point of a follower x, that is forced by a helical spring around it to enter one of the series of iiol« 
y in the face of the wheel, and preparatory to turning the wheel to shift a blank, a cam ^ on the Derinb- 
ery of the' cam-plate u forces up a sliding wedge-jiiece a', that acts on a follower z, to forte it ba^ onl 
of"^ the hole in the wheel, and the moment that the cam passes the follower ar is in a condition tn I 
forced by the tension of the spring into the next hole when the wheel is turned round to present «in#i, 
blank to the jaws. ^ Motfter 

The screw-blanks thus presented are caught, 
gripped, and rotated by the pair of jaws w, that are 
jointed to the end of an arbor or mandrel b\ which 
runs in standards or puppets r' c', and rotated by a 
belt d' from a pulley e' on the driving-shaft/'. This 
mandrel is hollow, and within it there is a sliding- 
rod a\ one end of which is jointed by links A' h' with 
the levers of the jaws, and the, other end projects 
out beyond the back of the mandrel, and is there 
provided -with two collars t' t', that embrace the 
forked end of a lever/ that turns on a fulcrum-pin k\ 
the other end being provided with a roller or wrist 
tliat runs in a cam-groove /' in the periphery of a 
"fv^heel m on the shaft of the cam that operates the 
Ciirry ing-wheel. The form of this cam-groove is such 
tliAt*^ from the point 1 to 2 it runs by a sudden curve 
to tlie left to open the jaws just as the carry ing- 
"wlieel begins to move from the jaws to draw out the 
l>la.nk that has been turned ; from 2 to 3 for a short 
d is*t«.nce it runs in the direction of the periphery to 
g^ive time for the carrying-wheel to present a new 
l>li*nlc, and then from the point 8 to 4 it runs by a 
oixrve the reverse of the one from 1 to 2, to close the 
j2i.^^s and grip the end of a blank, and then the 
groove runs in the direction of the periphery to coin- 
j>l^te half tlie circumference from the point 1 the 
^T-oo ve for the other half of the circumference bein^ 
«. repetition of the first half to repeat the operation 
Xt ^vill be obvious from the foregoing and the fiir* 
mAr«3S that the sliding of the rod in the mandrel by ite 
<^ocii lectioiis Will open and clo^e the jaws. So soon 
^t.s> tl:»e blank has been presented and Kripned the 
^u fct«r n' IS moved up. The cutting edgi of tWa 
^u^ tc^r IS somewhat in a A form, the erJSi o' bein^ 
M»^-^rly at right angles with the axis of the screw i-J 

-^... ^Ic totumthetopofthehead,andtheotheredee 

rmin^ the required angle therewith to turn tft j 
-^' - ' "• ' ' • ■ ^"^ ," ?JJ*^ "^l^*- wrf^ce of the head This ctitter is fitted to 



#c>rmin^ the required angle therewith to turn tK^ j 
. *oek gl and slides thcrelii that its cutt nJ^ , Jvll" ~^ 
-«s on a fulcrum-pin s and it rests on th^ n^P ? ^ P*'^I 
,, t_ tlie lower end,\vhich is acted umm at tK' ^"^ ^/ * «l" 




perly set by a screw r. The cutter-stock 

, ^ . , sn upon at thV nr...- ^* " sliding- bar t', provided with a friction-roll*r 

^ f^'' P*^ ^y ^»»e jaws, by a cam v' on the same ^K^r.^^^.u^ /""® » ^*^** "^ the .moment that ihe blank 
■-:■ <_* el*.-iily runs out from the axis to carry the rnH«. * ^11^^ }^^ "^^^^^ ^ams before described; Wmcim 
'-2^:^^nnJ.l^!f'} ^^r^"^^^y *^^?^^the cuttor^^^^^ I'l blank and then nins for a shct 



ISM 



— - *i ' . = "*v ^ "«w the ciitfnr r^«^ 11 ' "*® miin}x. and then runs forasha 

Z^'^l^J rUl^i"?"? "*/ *5^^*^\^* ^T^ch point the !^™?-"*"^'^*^^'°** ^® ^'*"^ ""^' *^^ head thereof 

^ . ^ - «,g .„. x„^..^... ui this^'l^*^"}^ rl'"" ,J"^^ ^^^ ^^^ carrying-Wheel; but 



^'■^f P««^ ^ith the double cams for onemt n^ ♦? ^^^ cutter-stock. There are two cuttercamsi' 
^ = ^'/.^/.^,«"bling the motion of thi^^a^^^^^^^ 



carrying-wheel ; but it will bt ob- 



l>e drawn back from the'blank by th^' wekrlJ'''.'? suddenl/runV towaVdrthe axTs^hluhrcuttCT 
rrcspond with fl,« An^^uu n^^r. ri!^ "Jf ^^jgnt of the - ' - ~ 

]• operating the ja^ 

»iis cam-shaft relati 

■ ^The catYi-oVin Tf '• • ~~ — ^~~. |n»ii9ii| ^p^ 

■m. y.no 1 "- "" """^ '**^'*'' "^"*«" actuates » o^, [ receives lU motions from the mandrel bvan 
»' h-^. a bevel cog-wheel .'. the cogs o^lhi^Ee t„1„l" '^ 'f "' ■" •f"'^ f ^.""'- Vid" 

* ■ 'I before. u,e^l'"*M^.l.~?'- " « '.T''?.r^'«='-'' .-' «>> ««- 



w on the latter, which actuate* 



^ ^I-ri nr. u ^ Qottcd hncs. As stated befnr« 4K -"^^ wio cugs oi a similar wneei a' on the < 

.^d up by .te rotation, and when Presented % heTrZi^i*'!^ "t P'"^'l ^" '*'* «',"yi''Sf-'heeU„.l 

1.UB gripping.jaws the jxHnt u forced against a stop i' 



SCREWS, MACHINE FOB THREADING. 



jaar end ot UiU rod TMsaei out of the mandrel and is acted on -when the j«ws aieUi i^.f^.i^ 
point of rXT\ tttljuatable screw ( on the upper end of a lever ra, the lower arm of the MiH "^(rt^ 
icted upon by a Bliding-rod h that bears against the face of n cam o «i « (ranaretBe sianf-J^*. 
nt this cam ia such that from the point 1 to 3, eitending one-half of the circumferefMH il" iK** 
attlietx'ilifc 2 it suddenly runs out from the centre to cloee the jaws, and fbereforc W '^r^", 
gra.«plhe shnnkof tiie bisnk, and tlien from this sudden swell to the poini 8 " S"'''^,fe|** 
ftom the c<!ntre to increase the bight of the dies, and then by a radial line it runs ^^^'/^^l'^ 
Tjegmniner. to permit Ihe springs to force opc-n the jaws that the screw-bLink ma^ be ruD W'* Aj 
tilionuf tlitj operatiou ThL- cam receives its motions from tbo mandrel by a tramofcoirffteSf'** 
one q being' on tlio shaft of tiic cam and enga^jing with the coga of the one r, wliicb is 



■iiaootbemm 



irlieel « that is actuated by an endless sc 
nod the sliiling-tod n there is interpon: 
oliding-rud n. The end v uf this slide i^ 
fiinned projection? x on (he face of a wb 
vided with teeth a', vhich Elrikc against 
Huid -wheel g having its bearing;^ iu a IVui 
bnck motion of the lower enU of lliiti lev. 
lutiou, that the cam-formed pnijcctioiiB x 
bnck, and thus cause the threading cam a 
ivuy complete tlie cutting of the thread hi 
HeriGB of planes inclined to Uie plane of tii 
of each is such, relatively to tlioir motim 
cutting of one screw; and of course the 
liiaineter of the vheel to which they ore h 



^w t on the mandrel. Between ''«> lower nnn of (hjl,-— 
I a weilge-formcd slide n' placed at right We, „■([ y" 
forced by a spriog w against the fiice of a seria of mT 
leelyonashnfti, the periphorj- of (he aid wheel beiiBOT. ' 
a pnwl or hand *■ jointed to the mam frame, tlie slaftlf |L 
ne a attached to and moved by t he lever m, so Ikm (wr 
;r to open the jaws the wheel ff is 'umed a Mrtioo of , ^^ 
may act on tlie end of the wedge-formed slide mi font it 
t each operation to close the cuttinj-die. more, aid In di 
r a series of operations. The cam-formed projei:tioiisi„„ 

^WK . '''«^«^"""-'*"-"'ed projections iriil depend m lie 
ttacbed and to the extent of the rootitn of the siid wheel 




rn^e Mrew-hlanks c' are inserted in h„Ieg ;„ 
■^^rt-Mty^^^l f't the rim being made to pmipct from thi. f=^ <-".." V""' " '^'""i inn larrvniz-ira undiiif 
« t- *-.f 5 ^' of th , ,»he«l runs in s.andanl, ™"'„f ^ '^1,"^ ">" "•'^e" ««ffi^iently fi^ this purp«e, T^ 
^^*^«. -e, a reciprocating n,o«on to mnvo t.^e hulTrr^f.*' 'K' " "" -' '^ ' " 




• Mwn . — ^ ■'^jw'iiniii unue tiperat oi 

ir^l ■"?■■*" "^ ^"^ threaded it m,,«, v. 

^m Ihe fullowinjT manner: On the ^Lh^"^^ ^'-'^ "^ ",*''?"'' P'^«"'ed to the die^ 

1 „, _ . " '^""" w Ihe c«rryrra:-whetl there i- a mtdiet-wheel i? 

o "'atlumsOTalulmimnt,-'; the lower amiTb^a 



— ... me rultowinff manner: 
» 13 turned by a hand n' on the end 
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TOOLS. 



"*»<» ft certain number in • ffiTCO time, and »f ""7 "fj»fy.*« «y8 lii(iobie<!ti.«ltiJD>d IlKnodtr 
b*d quality of « too] depeoSa more oa Ihe care md sO^^ bottomed durmg 0^ a«m«t b,^ 
«1M w commonly inuurmed, and the defects, whether of texture or edge; whiSi « Jia praent ltk« 
•el^-es in articliw n^ufactured of steel, are to be traced Dot so much to any naturtl imparflwiai a 
Piirtial coover^ion of the metal, as to B slovenly and hasty mode of lorgiag. (See Suit.) 

The tool employed for chippiDg is airaply " ch^f' "'tt an edge aB8ua.ing the ihipe of » «™ 
■W«»lge; it is ordmarily made from square or oval Bt«l of the best qialitj.rather ipraiirm.i [fc.: 
«nd vhicb is intended to form the ed^, bo aa to aftod a greater surisce. Wlialera nij be ibc 
™«tli of the chisel, whether >ix or ng/U iiichea--and this must depend in some raaHore npcn tlif » 
™^e of the work— the fonn of the cutting edge is m dl cwea nearly similar ; ohsmii^, kunier, ilui 
t »a advisable to have the chisel drawn out bj thesmith, by which prresuti™ the edge, iba injured, 
™*y be more easily restored on the grindstone. The opefaOon of chipping le msleriiOlj bciiual bt 
H;* .««! of tho cTo^^tina chisel, of which Fig- 8428 rfiows a front and Fig, 3427 a Arfi(.,»'ii. 
•*'« Utter fipure bcirut a ^ion. The cutting edge of this extremely UBefiil t43oI vaia \a hMdli boo 
^»«-8WeeniEtofive^teeDth8ofanincb; its utility and application will probably bercnderriiim* 

H^ *^ "^der by a diatmun than by any lengthened verbal eiplanalion. 
fl_^"PP°»8 the enr&aj ofa block of caat^iroo. rei»^Benled by Fig, 8428, to require dupfiig, h fc 
•r h,iI!S' ""^ worknian cuta longitudinal grooTes aa, 6 6', cc', thronghout or across Uw entire la^ 
is rSh,''f"ie surface by means of the croeB-cuttin^ chis6i,and at such a distance from aiiMliuB 
meaoB tlJ*" "*^ the width of the chipping chisel mtended to b« subeequently empbjed; b.rtJA 
dinarvc^^ '*"*«'' of the edge of the chippiag chisel are essontially preserved ftom injur)-, aa ookM 
The iJr":"'*'*""*^ it is found that the comora of the chisol firat give way, and require roratinl rtj«r. 
ten from J -^ portions of any piece of metal are usually removed by a too] called a drill, Borasif- 
of tools w?^** PrincipaUy as we shall hereafter show, m being applied to larger worb, Ji<i6a 
"""« cornm' '*°'^ within the general deacription of drills, or cullers, is eitremclj miniera»; IIU 
ei»-en Mr w ^ ^inploTed ia too weU liiiown to require descriptigo, more especially as we luvi ilre»ij 
Mtremelv V^J^a improved form of this toot The pm-drill and half-round drill are, in cettiioaw 
^Toiirii tfc J^ "' ' the oaiv obieotioa to the former is, that it requires a BEoall hole to be &« ctii in an! 

jws; it taswcra, howtrer, fa 

3431, M3& NU 

m 

^^ *'>ef« ■5]!?y***'' """^ performs its work extremely well, although it cannot be depeoJai "> >■ 
^^''i^^inJia *<=^™cy'H required ITio half-roond drill offers little or no securitj wbte.er u re 
Wferf f -^ ^''^>ln * "S'f't line ; it is, howeyer, a yery uaeful tool, and may, in miuij ip^tancra, be a^^t»^^ 
'"ocho -^X iTi^'^T^' Perhaps tlie most eifectiTe form of drill yet introduced, more MpeciiUr if »^ 
ItoD, f"^«n. Tt?- "^ Bubetance revolying in a lathe, is that invented by M. Collaa, an emiDHil Fre™ 
^'"Xferf"' * ^nci ^^- ''"'■ "'' «■*■''■-*> F'l'sr, 3429 is a front view, and Figs. 3430 and 3431 ade vie", Ut«i 
*^es t ,'° ^t irit' " ^"^"^ truly cylindrical throughout its entire length, eicept at IhatmiwliKlB 
■ crfZ^o otf • '"« brace, or if^used in a lathe a small portion of the metal is filed aqu^. " "^ 

.f^eOlit^ _ 5«. admit of .nv convpn;<>nt. .nn,1» of nrnvpnlfnir lh» ' " " "^ -^ 



tixe oUh'^'^-y or^*^**™'' of ""ycon^n'ent mode of preventing the driU turaing. At the oief or oppo- 
this D.„ ? '<*at - *^*"3 cylinder of steel, and through the centre a small hole is drilled in proportion to ik 
Weipl^i? tbe^arT ^^ ''*" "f » prtioD of the bar ia then cut away, leaving the remsinder cilioJmJ. 

'*<^DieB **• S4 53"""^ ■''''''''"' '"'"""■'-■e, and one of them filed out, as a clearly «hown in Ihe pl«i 
end oftt,"*'*"*-!-! ■ ""* 3431, by which process the central hole ia cut into two equal for*™ 

•^nifesH* '''"'"- t,^'0"^ireuilar groove. With regard to the angle of inclination to be p'«n l" <« """°f 
centrol J; ''"t** a:~i"?"?'<"^P«"<' principally upon the resistance offered by the materiiL" This tuJ 



■^ntrol J; ''"t** ^^j"" jnustaeperjd principally upon the resistance offered by the maien.L 

■""til it « ."« a-ra J „"'y'"™P'""be centre, where it forma a small projectitiB pin, wbii* ; 

■'* W iinjin?''"^ tlie !'7"^'?'°'''"''<""; "• proportionasthe toolad^MsthiipiiiiMreaaiinleiipli 
"'« Pia Sf *" '^ *-c» oW™ .'t^, , J^ groove, when it necessarily breaks and comes »w»T "il' "« f""!* 
•Peratio„' njet^.i -«rfc^i, , T*' ^rooye must l,e rather leas than greater than a semicircle, otltf™^ 
Sma^\^<i «-»>*rautJ^i f." /"'"' ^'"? cylindrical, could not leave it during lie pn«TBi «f 'te 
^"^^J-^l"'** -».i^ ^^"^,'""8 '^*'''™ "f «>'» t<~I ■'ould be destroyed. 
• Drtir^ — __ U ecasionnJly g amall mandrel la used, provided at oneendwilli»iq"" 

J, ot ring It DsHrET to ■ Hgbi ugie wtui the sldn qj Uib blk 
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^rill stock, and aetliig upon it by friction for the more eompUcated combioaiion of nteliet-wbed, cGek, 
^nd spring. FigT- ^96 shows an elevation, and Fig. 8486 a section of this improved form of the tool; 
^;, U tne boUo^r nut for adjusting the drill to different lengths, 6 the screw for feeding the drill, e the 
j^^ndle of the same form, and worked in the same manner as that ah-eady described, bat made with a 
^cylindrical socket e\ which embraces the spiral riband Ar, and of which Fig. S4S7 is a detached view. 
r^^fijfl spiral riband or clutch is bored truly cylindrical to fit the diill-stock e, and rests wiChoat beia^ 
^^ed upon a collar at the lower end of the stock ; it is fixed to the upper part of the socket e' by the 
^^spew f, and tbe waaher m secures all these parts. 

3435. 3436, 
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The mode in which the tool works will be sufficiently obvious from the above description and an ei- 
aaaination of the section, Fig. 8486. When the handle e is turned in the direction in which the drill/ 
cuts, the clutch k by its friction firmly embraces the drill-stock e, and turns the drill, however great tb 
resistance may be. When the handle is returned the clutch relaxes and slips upon the stock, therebj 
preventing the return of the drill 

The class of tools which come within the general description of rose-bits, countersinks, widenen, or 

broachers, is far too numerous to admit of anv specific description in an article like the present Somt 

are intended partially to enlarge a hole previously drilled, others to do so throughout its entire depth 

M. Lenseigne, a French mechanician, has made a great and decided improvement in the form of his 

broaches. It is a well-ascertained fact that pentagonal broaches do not perform their work vctt acco- 

rately, more especially when applied to enlarge ahole drilled through a thin plate of metal TTje wo- 

tion of tlje brace has a tendency to render the hole sensibly larger at the mouth. To correct thb defect 

some workmen turn the broach truly cylindrical and then remove a portion of two sides with a file, »« 

is shown in the sectional view. Fig. 3488 : the part a, which is a segment of a cirde, bears against tbe 

sides of the hole, and serves as a conductor, and whilst the acute angular edge b quickly remores the 

material, the obtuse anele c, which follows, corrects any inequality of cutting. This form of broach if 

nnquestionably preferable to any previously introduced; nevertheless it has this defect: if a diip of 

metal gets between the round part a of the broach and the side of the hole, the angular edge 4 » 

necessarily thrust forward, and the truth of the work is destroyed. To avoid this diflSculty, M. hsa- 

•eigne ffives to his broaches the form shown in section in Fig. 8489. Here there are three segments of 

» cylmder which serve as guides, and the metal is removed by the obtuse angubur edges. A tod Ihis 

formed cuts nearly as fast and much more accurately than that shown in Fig. 8438 ; it also posseses 

tneadyantage of bemg more easily made than those which are either pentagonal or hexagonal 

We have now to consider the method of cutting a screw or spiral thread upon any cylinder of metal 
^ a manual operation. Before describing the tools by which this effect is produced, we propose to Uy 
E«iore the reader a brief analysis of Mr. Joseph Whitworth's excellent and thoroughly practical e«t 
oo a Coniform jSy*tem of Screw Threads, as applied to bolts and screws, u:*ed in fitting up steam^- 
g^es and other machinery The difficulty of ascertaining the exact pitch of any particular thread, es- 
pecially when i* 18 not a subniultiple of the common inch measure, occasions extreme embarrawment. 
^jyil which v^ould be completely obviated b> uniformity of system, the tnread becoming consUmt for 
* given tiiumof.^r. Ihe same DnncirklA i».».,i<4 li„ r-i. ^i'. __ li .•_ .„ ^e .«,;«« «nnantii» 




It ^^ P^'^^^'^^^ol tw «n ^'^^?»d, nuts which is at present unavoiaaDie. 

^« does not af>P«ar that any combined effort has been, hitherto, made to attain so desirable an object; 

^7et there is rao recognused standard, and this will cease to be a matter of surprise when it is coosid. 

du^ ^^''^ *"J^ **^^ fromTlk * ?''®** ^^^«'>*' ^ arbitrary. On the one hand, it is impossible to d^ 

ttie nf/''"^r C'i^i^TsTuct^hlr P"-"^<^'Pl^^«. «• fr^'" any number of experiments; an<Utheotte, 

soL. -"/^ ^^ *f ^Wd be^V^i"'^""^ approximation would be unimportant and unsatisfiicUjy. al> 

^m! '^entity ^^^*'"*™ To how groat an extent (he choice of thread is ttrUtrsfJ 

ZI: ''PP^r fraoc^ ^i^TJifZ^^'"''^'^''''' of ^^ principles affecting it Without attempting to dBCi» 

The u.e ofth^J^rew-^h^^^ ^ain parts of machinery in close and firm contact, snd it ij 

^uliarly adap^<l f^«^« purpose by the com^ct form in whiclf it possesses necessary Btrcngth «)d 
Sr fi?"'^ P^r^mof^aU the^oSr^'V-^'^y «f ^^« «^j^* *««ds to prevent the obseryaUin of ite p««- 
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' -nch di»«n«*«' ^* 

It wm be observed that al^e <^^^^ ^^^t. 
«me pitch is ueed for two bw^. ^ ^ "^'"'^ii^n 
without introducing smaU ^f^^ promoted by repetition 
economy of screwing apparatus r ^^j^n 

ofthettread. , .^.^^rk that the proportj?" 

Further, it is important to ^"Jff^ea throughout the 
between ttie pitch J«d the ^^^^^l ]^ i one-fifth of the 
entire scale. *ThuB the pitch of <^*f -^f the 1 lO^**' ^^ 
diameter; that of the i inch, on^^*^^^ g inch, one-fif- 
eighth; of the 4 inch, one-twelfth; oi^» required ^ the 
teenth. It is obvious that more P?'^®^.^^ Jone will not 
diameter mcreases : but this ^^°**?f!?^ obviously much 
account for the actual deviation, wmcn ^^^ted mathe- 
iBSB than it would be if the scale '^%\^^^ The ne- 
matically with reference to the P^^flJ^jned in relation 
cessary amount of power must be ^'^^JJ); j w the lever- 
to the muscular for^of the human ^^*^? -nj Jler screws 
age of the screw-key Now in the case of ^^^^ently of 
there is a considerafile excess of ^^^^^^ ^ deficiency of 

power. Again in the larger we ^i^^J*!!* rally be Jip- 

P?"^^''*^' ^th aU the leverage *»»** ^J^i men to fix a ^ ^^^^ of 

Dbed ,t requires the united force ^^ .'fr^.^nt that ^t .the two ei^tremw of ^^ 
bolt of SIX Inches diameter. Hence it is evioen ^i^ing the pitch f ,^f^^ the centre 

power required is not^e leading consideration in «f. ^y observed, would too «««>* J^®,f ^° ^^ ^^ to 
eizes theSecessa^ denth o?a c5arser thread, as aJreaay^^ ^^^^ ^^^^^ render small screw^^ 

T^^ «■« 08e<nn^?^^lf as ^'>?!i^''ll^ *ould have been if "^t^cted to W^^ ?„. 
of rendering them aS^IXt ooareer than Aey worn ^^^^^ to. wm found « be gwjW P^^ 




'il°^ we used in cast u well as -wrougnvirw". • ^j ^ave oeen u ^'="';'~-.-- L. ^^mi pwpor- 

^Soi m^"f established between .tJ-^^P^dJoa amounting to <»e-*»;jjf^lj ded«tS«, it will 

ttt one «i!^?I?"* *>« nnade for the q'«"'*!*y,'°"''Irf wtom of the thread. Making »" °*™~,^ th« 

^ STi? 1^°^ *»»« top. and onl-eixth fr°» <*f '^epS rather more than ^^^^^^^ the 

ttread^!.*"^ tfee pi^h. The precaution of roon^nK ^^^ ^^,jt. ,^ 

. IVo S2?f .?f?:«^ «nd a»t of the tepsand <h^ m.gM ^^ ^^ ^^^ . namely^^s^ew J*;*^ ^ 



one _ 
*evei^i 






^n 1828 Hi ^ 



completes the 
•"•* P% tao 
«[e rounded OS' 
one side of^^ 

"•^ 9mauty or 
9u.«te/brfc^ 



-""-•^a improvement wiiu w- — i I.._ ^-,ea which follows tne lowi ""~r 'AoAvmwi. 

*e t into a groove sunk in one of t^e dwa, wmcn y^ ^^ •<1°«^*^^X* 

« thread. ?Ws arrangement w more f P«<^»"7j^gP, an improved fotmof ^"1!^ 

J-- Jones submitted *» the Society ofAxts <»f ^<*j^J^ ^ . cutter » <»«i.^ 

«<=»i he received the thanks of the «^'et^-, foiiT™ the lead obtained by «>» ** ^ 

fiiLce of the sci^w^tock, wluch ^HSSJ^d wTof ^p i. a combjnatioD rf 4^^ 

-MV' in an expeditious manner, ine »»tereu i ^ ^ cyl mdncal ™!»™" 

part towi^ the point bf «K '^''f flS^ wit^^ ^«^ '^^'SllC 

.til at top and bottom, and the tap » ?"**? ^'^J^ gecUon of the tap, • f«?. 'T^ 

— is in a Le with the centre ^y',fJ"^^^jL ^^ ttrir tow filed dTwn to dimui^ 

a. «^tchet.wheeL About <«ie-third of ^e ^m^ have the^to^m „,^ 

. marface in contact, by which murfi labor is saved. " '^ P^'^J^t in cA •«r 

> .^K- in the usual way is expended in overcomiiuj the ""f^ "™X(( one in* ""l * 

s taL IWs form of tap answers perfectly well for nute ^\^^^*^^ i. tto.boj 

ose of laiger siie, as two or three inches, it is ^^""^^^ .^'^^.^^^ met.li»°* 

«he pJt where the cone terminates, by which n^rly the ^hote^» ^^ 

r or pQ part of the tap haa nothing to do but to ^"^,^ »"^ '"STwere cond«W« 

let pro^ a new f^m of ecrew-stock wiUi four dies, tw" "' Xwto* ^'^^ 

other two acted as a ecrew-cutting or chasing tool. 1° **»« ^^'^Lwingttpl? 

^ TuHue, we find a description of two forms of screw-stock, and »°3^ a^ iUri 

s first is composed of three dies, two of which are of tempered «««, ^^j 

irely to serve as a conductor. The second has four dies, jery n«"» ■ ^^ 
~, whith are made to approach by means of a orcular ptate, houoww 
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*«p. «f po«Uon. and th. Utter r^irSlSrk'^^eTiSJS^'t^^^ 

^ tiirouAooi^I^L!""!? ^^dh Shey haye at the comml^emeiit ; when, •> alw«dy oI>wt«1 4 

lUw-Wt Th^ woSdl5.«!|rtae «oqui~ too much devaoee «i they fonn the thr«d imt«,«A 
their cutting edg^ea would be apt to dig- 




2n^ to those cufiHS. tair* U»eir •ctioS in cutting i, in effect fl«, sune « a <*-«;?;*?;^f^ 
indeed they bear an obvioua re^mblanco in fonn, and tiiey may be sharpened on a gruKWoBinlto 

A practical diificuUy biui hiAerto attended the use of the acrew-atock, «?«?», ^ ^,TTJ f 
taps and dies. The tip becomes less in diameter, and consequendj tepe thejiole tee »^ jj^*^ 
op«)6ite effect takes place with the dies, ^hich, beii^ unable to cut a followed t**!^. ^^^ g« "^J 
tSurge. The only mode of counteracting this two-fold error, so as to obtain a fj^^^ ^^ 
and ^ not. is by forcing the dies forward till they have reduced the diametCT of the w«w a pmp^ 
Slite qu^tityf and fr^m what has been before ofcerved, it is manifest that this cannot »«d»e in ^ 
««^of l>mm<i dies, without injury to the thread. In using the guWe^todc. ^'>J^,?W^ 
^nded witb no diiidvantage, anS lest the diameter of the screw should 'n«*^«^.^y **.'?%^ 
m^re IhL nece^^?^^ stamped on the sides of the nut/, to indicate when the thr««i » ML 

We hS^e now to^^Sribe another s^ew-stock. This tool is constructed on *>>« P™?P*^j/„t^ 
nary screw-stock, with such additions and alteration as appeared necessary. The Pnn^Pj3^ 
toie old form i^, that the metal is rather pressed out than cut, at the expenditure ^^ ^^j^ 
that now under consideration, one die acts as a guide, and the other as a cutter, hv which »n«^«»« 
not only is a perfect thread produced, but the tenacity of the metal is preserved and less power an- 

^^7^ 3442 and 8448 show Mr. Bodmer's improved screw-stock, with the lid removed in » plan snd 
kwieitudinal aection ; a o' is the box made either of steel, wrought, or cast iron ; 6 tiie ™ J«.^ " 
cutting-die wbich is fixed in the die-holder c, in such a mamier as to accommodate itseUto the incuMr 
tiono? the thread when the die begins to cut on the surface. The die may also be a perfect fit m um 
die-holder c, but in that case it must be cut to a laiger diameter than the screw itself would «^g"!]^ 
usually done in common stocks ; d is the guide-die recessed into the stock a a\ and which niaybe b«M 
out to the full diameter of the bolt or pin to be screwed, or tapped in the ordinary manner. ^^^ 
die d is prevented firom turning by a small key e; the screw/, m the die-holder c, is not ^^VJ*^*^^ 
or lever by which the stock is worked, but also advances the cutting-die 6 as the operation prooeeda 
The cutting die-holder e is recessed into the stock, in a manner similar to d, and has as much room at 
z and z as is necessary to allow that part of the cutting-die which, when the stock is turned in ue op- 
posite direction w^ould drag, to recede out of the thread so as to clear the thread and particlea of iMtal 
cut out during* the operation, by which arrangement the cutting-die will preserve its keen edge. Si^ 
pose the operation of screwing to have been commenced at the bottom of a pin, and the stock amred 
at the top ; tb« handle or screw / will require to be advanced a little, and then the stock is W""yJ* 
work in the opposite directioa It is evident that the moment the handles//' are pulled bf the woA- 
™*n, the die ^wiil bite on that side which is moved deeper by the pull, and reoeoe out of cut on the 
opposite side ; it, will therefore act and cut like a tool in a lathe or planing machine, and preserve its 
ieen edge mucOii longer, and remove filaments of metal much more easilv than dies constructed in the 
<*roinary way. 
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of the cutting die* 

j^lder. and Fig »**« "'«'';'<'/*»'« ?^fi"ing the b^Vel or l^lf V grooT^"of the" «une ; Fig.SttTij 
j,Ian and seouon of the guide^e d, and Fig. 8448 shows a mode of regulating the pUy or motion rf 
^ cattmg-die ^, by means of aet^crexrs. .ci5u.»i«uB "-•«' K—/ 

^!Si wtli? ^ «" -"^ tl^',""^ ^^ **"" f '~*'°° o' » "tocl^ ^th two cutting-dies moring i»» 

'^^J^'?" ' ^.'' "^k !^^ »'. &»"•?; ««' the handles or set-screws, wsUng^upon the dta ««', 

SSoZSt^*'' ^^ twi^I^f^rl ■*"""' ''•'•='' tJ'" cutting-dies Jd' did^ ufteSw. ■n«*' 

«» Uiat *!>«» two cattmg-dies di, when tightened up against the piece which is to he miwi, 
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The velocity of cast-iroD, turned by a hook-tod, held 
•nd guided by the haod of the workman, to finish or 

complete, is 12 cenUmetrea. 

^ For iron turned by means of the mhde-reBt, the velo- 
aty at the circumference of the work is about 14 cen- 
tmietres. ^When the metal is turned by hand-tools, the 
2>eed at ita circumference is from 18 to 20 centime- 
tres to rou^h out and from 28 to 80 centimetres to 
finish. 

The difference of velocity of the work or the tool 
when the tuniing is effected mechanically or by the 
hand, is deduced from the obvious fact^ that in the for- 
mer case tile contact between the tool and the work is 
constant and invariable, whilst in the latter it is inter- 
mittent 

The foregnoing velocities are equally applicable to 
drills or cutters in boring machines. 

The Literal progress of the tool varies according to 
the power of the machine; it is in general from i to J 
of a millimeere for each revolution of the work, never- 
theless it should be less for drills. 

The annexed table indicates the average degree of 
speed, as well for turning as boring. 

If we ha.ve occasion to turn a plane surface accu- 
rately true, the motion of the lathe-mandrel, or what 
is the same thing, the substance afiixed to it, requires 
to be accelerated or retarded in a ratio proportioned 

to the progress of the tool, either to or from its 

centre; then that portion of the plane where the 
tool takes effect would pass its edge always at the same velocity; and if a proper speed be obtahxd 
m the first instance not only will the tool preserve its originally keen edge for a verv considerable time 
unmjured, but the surface produced by its action would be nearly perfect This control and canmMoi 
or tne movement obviously require that it be continuous ; since if the Uthe be stopped, a mark, or &Iae 

uSh "* ^'•™«^' wi" be the unavoidable result 

its eflfe^ K ♦°*'^,^*^"™®**°^®^' regular motion in surface-turning is not only prejudicial in rektioD to 

cumfereSft J' J involves great waste of time. We will suppose that a speed suitable for the at- 

movement h^ proximate parts is obtained, it is evident, as we approach the centre, the roUiy 

^ork does J®P^"^®^ ^^^s effective ; until at length near the centre it produces little or none, and the 

the dUmeter f^i^^^ ** ^^ '^^ reason of this is obvious ; the velocity contmues unaltered, wUe 

to uniform tn r • ™at«rial is progressively reduced. It is also manifest as an inevitoble conseqneoce 

*» at the fiTft.? "J-** ^"'•'^ce-kurniug, that presuming a suitable velocity be communicated when the tool 

"*™e poin t • -1^ distance from the centre of rotation, if it be made to advance regularly towards the 

not, odite a,!l'° ."'/^'J?^'^'*'^ *P®®^ ^^ continued, the cutting edge of the tool would 

<*ea8ed in • T at the centre, be more deteriorated than if the velocity had been in- 

» an admittlS'S'^'r®"**® "^^'^ *® **« progress towards the centre. This, we believe, * 

■«5rifice of nT i ^ -^ competent judges ; but it must be remembered there would be a 

it may anopn -^ on^/uUfiA the time employed. This statement^ extraordinarv as 

proof whjcK' '* nevertheless susceptible of mathematical demonstration, a mode of 

oed^Tift <lZ^ presume, few wUl ii^\ incUned to dispute. I^t the parallelogram, a 

the dia^nni ?• * '•?P«"«?^n* *he time that would be required to turn a surface. Draw 

•/, 9J^ifl^li^^'^^^'' ^^ a <. at ., .c at ^rind ^<. at i ; then draw the lines 
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w, are one-half tha l^n *u c — *«o" icapecuve riuui hv cry cuju », -uv. »« «-■ *» m.mm^^ ..w, ^.^.j^.^-..- 
tune, and the v^t r^u f^^^ *^^®'"» ®® ^'*' <*«*«• revoluUons be prformed in similar nroportioM of 
lines ab,ef ah A^- - 'athe-mandrel wQI be increased in the raverse ratio, as the length of the 

be required to tu*° '"^ J^^nsequently, the right-angled triangle abe will represent the time that would 
described. The *^"™ce, when the velocity of the lathe-mandrel is increased in the manner already 
main unaltered— Sk^^J^*^*"* « 6 erf will represent the time that would be req^uired, if the velocity ra- 
its arrival at the f '^' r ™. ***® moment the tool is applied to the surface at its greatest diameter, to 
greatest diameter ^^1*' ^ ^^ length of the line ab represent the time of one revolution at its 

tlie centre • tht*^ r ? ^ ^ ^^*^ similarly represent the time of one revolution when the tool readiet 

he performed it • fr ** "^® length of the line cdia equal to a 6, so wUl all the intermediate reTolutian 

riius, if^^e Wj8h# i5^ usefully applied to determine the period of time necessary for snrfaoe-turnii^. 

tor being tweotv r -"^".^^^what time would be required to turn a plane surface of cast-iron, the dauae- 

t€>ol at tile r^ti f^ inches, to make fifty revolutions or cuts in each inch of the radius, and to pass ll» 

equal 12 inches, tu i ^* f^' °"°"*^- Multiply the circumference, say 75-39 inches by the radiw 

til© radiua^ in tJ: . "^ multiply the product, 904*68, by the number of revolutions or cuts in ooeinchcrf 

w« have 3769.ir jP^^°*^ ^^' ^^ ^^ give 46,234 inches ; divide this by 12, to reduce it to feet, loJ 

*M>a«t 11-8 txnnl ^^^^^ again by 16, which gives 251-3 minutes, and lasUy dividing by 60, weba^i 

-**"ute8 ; consequently this would be the time, if each resolution were performed in equl 
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it IB aJmoet impoesible to make it perfectly regular ^F^^^^^itBelf^h^^ ' consequently, if the ceauil 
liiie of the iumWhich forms the point, be not that of the ^^^^^^ ^e effect ^Ul be prod«d 
Theae and other considerationfl of a like nature that «^^* ^ ^^^ probaWy suggestktku 
ranpment shown in Fig. 2688. which combines the «°^P^^\*J^;*°''^^ oi\becjliwi« 

witE the mechanical power of the acrew. In this case «»^.^|j^,^^^^V",^ ^ ^^^ 

of rotary motion, its outer end being connected bj a coupling to « ^«JOd cyhnder of smaUer diameta. 
which constrains both to move in a parallel direction ; between meae, a square-threaded acre^ ¥ttb, 
which is capable only of longitudinal motion, being connected 1^ tfie aforesaid coupling, so that tbe 
screw bein^ worked to the left hand, compels the cylinder m the neaa-atock to travel with it, is is en 
dent from inspecUon of the figure. 

The form of head-stock just described probably suggested that generally known as the cylinder IjM<t 
stock Tliis was invented simultaneously, we believe, by At CoUas, of iyaria, and Mr. Jceeph ClemoDt, 
of London. The arrangement now usuaUy adopted is shown in section in Fig. 3458, jj^g ^gj^^twi 
is bored out true and an iron or steel cyhnder ground therein so as to insure an accurate fit; thnre^ 
oeives a forward and backward motion from a screw which is rendered endless by means of a coUiror 
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cap, and is worked by a handle-wheel The sliding cylinder is fixed when requisite bya wnduw 
screw, which presses against a piece of iron let into the head-stock. A sectional riew of another mode 
of fitting up is given in Fig. 3459. This is unquestionably not so expensive to get up as that J»i 6e- 
scribed, but it is liable to the objection, that nearly the whole amount of pressure is thrown npoo the 
driving-screw connected with the cylinder and attached to the handle-wheel In this latter example 
the naode of fiziog the spindle in its required position is superior to that shown in Fig, 3458. A maht- 
•1? "'^'^^''^ ^""ed out so as accurately to fit the spindle, is let into a recess in the head-stock, and 
tightened up by means of a handle passing through a screwed shank projecting from the ring. 
rio-M ^™? *^®®® ^* '* ^^esirable to possess the means of moving the shifting head-stock in a direction at 
and 2fi5f 1! ^ ^® ^^ ^^ *^e ^^^^' ^ ^eiy convenient mode of effecting this is shown in FigsL 2523 
whiVK ; ' R7 means of the screw f. which causes the head-stock to move transversely, an arrangemat 

^h^ P^,"^arfy applicable to ^nical turning, 
wheelai ^^' ^"®* *^® sliding head-stock is usually moved along the bed by means of a train of bevel- 
necessarTK^ '^* ^^^^' '^®''® * bevel-pinion attached to a horizontal spindle, which is worked when 
of a verZ. r ? crankhandle fitted upon the square end o, irives motion to a bevel-wheel upon one erJ 



wso carripa ~ -^T!" *-^ spindle p, which works in bearings aiiacneu w «*« «"*« v* «<« uc»u-biv<.« mm 

>u«iy conm?* P'"'***^ which works into the rack M, fixed upon the bed-plate of the Uthe, and thos obn- 

Poaition ^u^^^ ^^^ connection, enablinar the workman to adjust the sliding head-stock in any reqnired 

P-^ ^'Mi ease and facilitv 




mo vine- th^ u il \r J^ '"uae or cnanfifinir the rt 

InVZ^^l fron, one pair of speeds to mother, 
the belt shall K« '^ ^^i^^^ that the diameters of each pair of opposite pulleys should be so adjusted thst 
is attained bv ^ V^ iZ *^°®® "P^° *°7 P*"" of the whole series ; this, as may be easily demoostnled, 

TV'e have no^ f 5^ tUe sum of each pair of opposite pulleys equal throughout the whole serfes, 

other to the imnJ^ describe the slide-rest, a tool which has unquestionably contributed more than any 

by Mr. Na8mv£f^fhi '^^^^ machinery. The invention of this truly Important tool is cbumed 

by that genUemLn i^ vl^^^ "^'"* H^nry Maudslav ; but, as it appears to us, the condusioo arriveJat 

similar in all imnn t^* \!f ^° f»astily adopted and without sufiScient inquiry, inasmuch as a form certiinly 

viously, added tn^^^i?^! ^**^*^» ^m well known and commonly used by rose-engine turners long pit- 

Mr. Bramah hea^^ v T^ naay remark that the oriVinai slide-rest constructed by Mr. Maodsiayfcr 

moreover U ,•„ ^ *^ aiight a resemblance to that now m use as scarcely to be capable of identification; 

yrery similar in ^'r'"®™®*^ doubtful whether a form of rest, known as the parallel rest, 

jnensions frulv ^r'^^'P*^' *"^ented by the late Earl Stanhope for turning metallic sur 

-It is foreign f^"^' "**^ precede the slide-rest of Mr. Maudslay. 

Srit nfo^ ? ^O our purpose to DurmiA th*» onKtA^f fm-^liAr nnw art* tk 



, as well as a tool 
surfaces of lai^ge dt- 




tjce in attributin V ^PJP**®*^ ^^ modem tool machinery, we have been solicitous to perform an act of job- 
£air share ofJ^ those who have in any way contributed to the invention of this important tool 1 

The form f^P^^^^^^^^- ^ j it- 

Of slide-rest shown in Figs. 2642 and 264S is a very convenient arrangement in many oCte 



. tut by turning the handle m, the tangent-wh«l P' ^"If^'^^Tj*^'"* ^ P™i~ l» 
<»eU Ihe (i«ct oft rack; that is to saj. the uddle and cwnag" *iu «<»iTe , ti»Tertiiig ™(W) « 

the airectioD of the lenBth of the lathe-bed. .^ . |^ 

In actual work tbe ^ddJe. and consequently the «at ''»?^^ ": ^TL" ">J Mqoi™. V«iti«, Ita 
l^dle m being removed and the out i brought into f^°«^''°°J^'S,TP^^"»' 0. wlMh,«u«wi 
and regulated by a train of wheels attached to the lathe, causes tie saddle with j^ ^pp^^j^,,^^ ^^^ 
travel wiU) uiv degree uf speed that niaj be required. j , .. 

B7 a peculiar and ingenioiis arrangement, the guide^cre* w ^^^e lodnve u,« ^aniige ud tori 
earner m a. direction at right angles to the axi» of the Ulhe. J'^.". elected in the following maii- 
oer;— with the mitre-wheel o a aimaar but smaller ooe y geers ; thu u keyed on the end of i^aftn 
the same otraight line as that which carrieB the smail mitre-wheel «. At the opporite eitremilj o( ila 
azu u a spur-wheel r which geera with a aimilar spur- wheel » mounted oq w, iroo gpiDdJe, whk^ Ur 
minates at the other end in a grooved shoulder ; thia axis is movable in a socket which Bjnm immm 
and is fixed to the saddle O, and t^^ meaoa of an ingeniona oontrivance the forked lever ( is mi* to 
connect or discotuiect at pleaaurs the spindle that cairies the spur-wheel a. with the square eod gf Ik 
screw / of tlic carriage D D. ■ j 

It la obvious, if we suppose the saddle to be fixed on the Uthe-bed— and to ^ct this il it ibbOj 
necoasary to »rew up the bolt o — that the guide-screw Q giving motion to the dingentirbeel f dela- 
mines the motion of uia toothed -wheels, and coosequenljy that of the screw- _^ which after this muoet 
gi»«B motrod to the carriage and the tool-carrier, to which we have given, by aoticipmiDn, Ibt pwliai 
shown in Uie sectional view, Fig. 3461. It is evident tliat when this trsnavene moticn is not requiK^ 
it is ocdy necessary to throw the wheels out of geer by means of the forked Jsrar t, and Iheo te 
wheels will revolve on their axes without producing any effect 



, I ... = ' '° "'■'='' tlie axes of the bevel-wheels « and j revidve freely, are DotUnf 

"■" rajurv ?* '"^"°'^ cyhnders bored out true and Bxed on the saddle or bed-pUto e, and to avoid 
Pfoleeter) kl •* ™'?^* "*"" f™" these wheels becomimr clwged by chips of metal, (hey ate asiatjy 

^ the <Z 1 ""e^"! """ either of tin or sheet-brasT^ 
P*tU, surk ™";'"'"™ <>■ Htean-eogines and engineering work generally, there are a great nmnbw of 
"•« hole b^"^^^"' ''/"t^ *=-. which require their outer diameter to be turned truly eoocenlric wiH 
upon a m^T . i? ■ , "^ ""« "««' general method of accomplishing this, is by driving the work 
wldch i, n7rh sufficiently light to wilhatand the action of tlie Imning-tooL The commoo msndrd. 
exceeding .?'t..'' ""^ univereal adjunct of the hithe, is a cyUndrical bar of steel, turned wili u 

The time I™f '"'' *°- ^' **■« ™"'™" hole, of the work. 

be kept in ci,^l '" P''*'P^"ng these mandrels, and the great weight of useless metal which moat Om 
iiur mandrfj T ' R™!^ senoua objections to their use, and led Mr. Hick to the inventicm of the eipiai- 

»^ 8"2 an,p"'i'B5 '^""'^ «''«" "' ^"'^ ™V bTfiKed. 
wedges beint nh - ^"P^'^s^nt a longitudinal section and an elevation of the mandrel, the eipUKliiK 

conioally as iit Jn!" " different positions, a is the mandrel, the central portion of wLidi k binid 
»«isoftheniW,-i j'!?"*''* provided with four dovetail grooves c running in the direction ot tta 

Bition. The dnl;^ ""r -'^'* *" receive the four wedges dtL shown m tig. 8482. in thair highest i» 
tJieoe are Dr^j cu-clea in the end view represent the work, which is placed npon the four wwfeei; 
threads cut onlf '•■"^5'''« by the hollow conical collet c, urged hy the nut /, working on the tmw- 
fix the mandrat "Andrei. in this manner the Wedges d are driven up the mcUned groove^ mi tbs 
fitted, which i» '^'^"tr'»aUly within the hole of the work so that any diameter of hole may be retifiiT 

-Another en7,.n' ." *^^ range of the travel of tlio wedges. 
cbtxik an gi^'™]'y "J^portxat appendage of (he lathe, is the universal chuck. Various views rflhii 
configuration y ■ ** 'S* 2D42 — 1646, pp. lBO-2. For turning or boring articles of a reguUr eitefial 
«a>ff screw ig '"»■ orange men t has a decided advantage over the common chuck, where eadi idiot- 

'"'^'^ are. hZ)^j "epBrately ; and effects a considerable aavinz in Ume, in setting the wort. 
no»y class JK-"jf;2«s *-he mod 1 fication just referred to, various other apecies of chu^ unoDg^lwliti 
"^- tlodm«r'e as one of the best * 
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less diameter than D may be us«^» """ w"— » 

lated. . necessary for effecting^ a chaog-e of speed in the 

Having now explained the arrangement of f ®^"'^f|„-*-ation. give determinate values to the wheels 
guide-screw, we shaU, for the sake of a practi^* "u^els D and E be SO, and that in F and J 6U each, 
D F E and J. Thus let the number of teeth m t?e wne .^ y^^ ^^^ ^^^^^ ^^ ^. ^ 

the pitch of the guide-screw G being i mch, or in other woras, i-^ 

, . * /-I :ii oHvance the tool through the space — -.andsimi- 
Dow evident that one complete revolution of G will advance tne *^ 2 ' 

30 X 80 

Urly one resolution of A wiU advance the tool through the ep«:e gj^^ - <«» '"™ «^ «' « '"^ 

. y, thifl arranffement will be Jth inch. In this mao- 
inch, and coi:^equently the pitch of the screw cut ^J\. .u^cki&Dge-vfheeh accoitJingly. Tbk mj 
ner any desired* pitch of screw may be cut by Pr^'CToXwl^ a tobuUr form and pfiicii^ there' 
be much facilitated, by arranging the various P'^^'^J'L^^^ aU computation dunng the actuil 

spective change-wheels re<^uired for each opposite to tnem, so ««. *- -d 

progress of the work is avoided. . „^^^_„--. tu-t the process of caJculatioo for any giren 

*^ In order, liowever, to meet emergencies it '» °f *^"J^r^«re shafi give an example as a guida 
mtch should l>e thoroughly understood, and for ^'« P^'^P^^^ Tf ^JJs in the incL Here the ntioof 
Suppose it is required to cut a screw which shall contain i» wir««« ^^ 

speed between the cone-spindle and the guide-screw is required to be as 6i to 1 ^ - J . so that we have 
(J) 13ajl56 ^ _ ^^ ^ ^^^ ^^ ^, ^^,,1, p ^d J are supposed to be geered together meielj 

(D) 20. 24: , . * !„««-« /»nnvenient we shall now find the ratios 

by a single carrier-wheel ; but as this arrangement is not always ^" V^ . remember that the coodition 
of the wheels as given in Fig. 8464, where four are used f^re we j^^ .jg. ^j^^ j^ ^ ^^ 

of the case is that the numerator divided by the denominator ol tne t:*^ v / 

, i. T> J T «- — = 2. Hence we have only to find 

will assume 28 and 66 as the respective viiJuca of u and J* "* p 

-uch value, of F and E, so that ? = ?* or 3i. which informs us that E n.ust have 3* times u m»J 

»«_*i. ^ 1)2 — ^ number of teeth in E, tix 

teeth as F. Suppose then F has 32 teeth, we have 82 X H = 1"* "^ L.,04. ThU result is csptUe 
whole set of wfiiels standing as foUows : D = 281, J = 56. F = 82, E - 104. his resm f^ 

of verificationas follows: |^* 2 = 2. 3*. 2 = 13. or the number of threads per inch of the »« to 

^ ''"t Thus in all cases^of cakuLitions of this nature, the expression in general term, stand, thus: 

(No. of teeth in J.) (No. of teeth in E No. of thread9_peHnchofscrewto becut. 

(SZT^fTeath in d:) (N^r^f teethbF " No. of threads of guide-screw. ^^ ^ ^ 

. I** '""""''ng table shows the train of wheels to be used in «""'°f ^^'^tVoTr^cto S^ inch, J« 

to 70 threads in the inch; the leading or guide screw is supposed t" "'^V ^ ^^^ incK^theaw 

ma;,r the table be still employed where the leading screw tas four t^-^f^i *"^;'^° ^ ,»ding ««. 

train of wheels would suit for cutting screws of double fineness -, and "™ 'rl'„_-du-ed ^iji „y im, 

has only one thread to the inch, a screw of only one-half the fineness wiU be proauoea wiui , 

Jn^the firet*tlumns it will be observed that the wheel and pinion <f^f >_f^'"^a a^^-S^ 
these not being required in cutting screws of the pitches there s«?ted.^e f^^'^\'^^'2w.)m 
ner-wheel substituted for tliem. To facilitate this arrangement, the ^^^^^^T-^^'X" iS«t«K» *» 
*« ^ Pf ite socket lon^r on one side than the other ; so that when ■*^«^;^»^ pb^d S*ilk 
brougrht into train with the carrier-wheel, placed upon the stud ; and this again is placea mm 
the pmion D. > r r . . . • .j. «*i 

Such are the general principles of screw-cutting for single threads ;bnt when Um^^^^^ 
niulti-threaded screw, it is evident that some additional apparatus will ^e reqm^ to effect U«r«i 
site exactitude of division, so as to bring in each parallel thread in its proper place. 

J!?ow^'Jht?I„;.'»*^ cylinder; the tool being In both ca3es the describing P2i»y°tomtlo^*t"th^l^^ 
ort1he^vilndIl?^'°^«>f tfii« spiral is resolvable into two simiUtaneous moUons, one oiroju^ i^ 

^M^-cittin^u/^ ^^ olher of transition parallel to that axia, we have in the conatrudion oi mscnin 

^l-> Thfl rvi.-?5 ^''^'ce of four arrangements: , _^- --#».« *^«« in sll ftimnle instruinentB tor bflHa! 

and UiDDlniri!''''®'raar t.© Axed and the tool revolve and travel. This i» the caro in all sim^ 
* C2.) l&el!^,'^'^'' ^ ™»acliines for boring the cylinders of atcam-enginea, »»f '" ^"^i"*^ SndptelnlSSlifliftwi* 

a travenring^' '^''y bo fixiecl and the cylinder resolve and traveL Screw* are cul upon thla principle m anuui 

t^'^lpl^''^'^'^yre^ol-'^on<l the cylinder travel. The boring of the cylinders of pumps te often effected ap«ft» 
C4-> The cylinder may to^oIvo and the tool travel. Guns are thus bored, and enslneen' icrewt cut to the Wla 
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In the produ^oD of the minor screws >nd bolto u»d ■■) ?'«''^*rbl^«^^ /^^ !»«« » supmrirf 4 

diea t«vel, ^^^ \h:™ril^I piide-rod« R R, t£« work *^^^^^,^Xt tf ^ ""^ "'*^ '"'^ 
the di«8 whicfiare Iherconti^cWd "Qia thoy embrace the bolt f "™"L ;J*,^'* »l"»g i" »wW 
by ita revoIuUon The quick return motion of the dic-frame m proaucM m the ordirauy ouiuKr u 
■pplied to plnnbg machine*. This machine ia objectionaUe on wcouncot )U w«nt of conipKOKa, 
olbenrise it is k pretty fair Bpeoimen of its claas. 



Tie double acre^np machine by Messra. Randolpb. Elliot, wid Oo., of Ol«gow. h a modi men 
Ke 8487 f "^^"^ workshop amilikir than tbe last. Ud haa. besides, the ment of gres compv^ 
* "WOT u a aide elevation of the nindiine, Kg. M«» ia a ground plan. Fig. 8488 u an elevstuD of Uk 




chine A A ■n^'?"'* '^'B- ^*''° is a umilar view oF the bolt-ecrewinfj end. The frame-work of IJ). n» 
Heht fram'ea iT ^ sole-plate B B, are cait in one piooe. Tbe driving-cone C is snpptnrted by <bt uf^ 
vheel E of lui^?' ""^ centre of the machine, an<l carries a pinion D, of 1 6 teeth, vihich Reen wili IM 
Done and an ^^t lieyed on tJie smaller screw ing-spindle F ; thus tbe relative speeds of the driTii(- 
^ ■ptodl^ F are aa BIS to I. The apiodle F agun ouriea u. pinion O of IS taetli, gwif 



,94 *"^ 

lerer ,, -.pfaich worka 01 a centre p" m the projeclmg porti«' ™,^ J*"? ■ Hii levet lln .W)« , 
projectko at /, by which it is jointed to » thai w^ge, P»^'S?^ X (iT .'"P °f ""e Iwer i urf 4. 
mteri,^ Burial' ^Z the slotted ^rtioD of the movable jaw. ThuH. Men (h^ I„. 
t«r U «,t to the Bixe of nut req'^r^d, » slight pressure upon ^^"^ "'*«""« «71. 

K forces down the wedee and secures the jaw immovably. (»ee iiii«i.h.j 

The peculiar merit of this Bpecies of key is. that all aUowanee for wear b 
made up bv the wedee, which wiU never permit any looseness in ttie jnw, as 
the only diflertnce caused by the wear of the surfaces in contact will be 1 greater 
travel of the filing wedge Practical men who have made use of those keys 
which are ndjuat^ by in«»ns of nuta will at once see tba value of this adraiitHge. 
Next to the turaing-lathe in its importance to the enpneer, the plsning m,. 
chine stoDde foremost in rank of constructive macbines. The pnmarj iden of 
planing by machineiy was doubtless brought into existence by the neceaaity 
which constantly presents itself of diminisJiinp the enormous amount of labor 
erpended in producing plane sur&eea on wood by hand, as practised bj n^eana 
of the common joiner's plane. Next to the process of sawing, there \a no opera- 
tion connected with the working of wood, which consumes so much time, tmd 
adds so much to the eipeose of the conversion of timber as the production of the 
hand-planed surface. 

The first attempt to obviate this difficulty with which we are acquainted, 1^^ 
made by Oenetal Beothara, in I'JSl, who took out a patent (bra method of eJftcl. 
ing this object. In this schemo, the plane or cutting-edge, which was moTablj^ 
was made of the fiill width of the board intended to be cut, and on ea«h aide of 
it were fiieti fillets which projected below the face of the plane, a distance equal 
to the amount of the thidtness intended to be taken off the board. Sever«l 
plans were adopted for obtaining a good surface tram a very thin board, but (be 
whole scheme eventually proved all but abortive — the machine was never prac- 
tically worked by mechanical power, but whether thus driven, or by the baud 
of the attHndant workman, the idea had still the advantage, that it exonerated 
the Utter from the charge which he had of his too! in the ordiQary operatioa of 
planing, rendermg a common workman as useful as the skilful joiner for this 
'""'^^ j"f*' ^'^'^ " "^^ history of mechanical planing is the imnrove- 
meni pronuced by Mr. Bramah, who, in 1802, patented a method of producing 
rUl^"^ TT,^"''*"'^ ("ralJel, and curvilinear surfeeea on wood and other male- 
Drineinl- T '"T*="*'.™' embraced the original machine for prtvjuciog spherw. Ilie 
Preseot d^l "^.i'* "J'^' preserved in all machines of a siniihir nature to (he 
at WoolwiS ■P™""''" planing machine, as constructed for the Rova! Areenal 

Here the '*'^'' "" *l*cimen of an embodiment of his ideas at "^ ponod. 
^ndle 7^ " ,", "^ ""ached to a horizonlal disk keyed on a. strong vertical 
Di'DUte the nT -1 '* P"' '" """I'"" at a speed of about 90 revolutions per 
™o»ed brh^ ■ ""' '^'"^ attached to a sliding caat-iron bed, which is 

''*^of thp '''™s'*"<' pressure. A pipe communicating with a hydrostatic press is carried in belovllis 
"■'Ui a pinifT"^ ■ """l^teniimales in a plunger- barrel, the plunger of which carries a rack-eeMiiif 

'^''ed to th ?" " ™K-whecI shaft. This wheel is provided with toclb, over which a ratchchain u- 

In all eJ» ■ "'''*' °^ *'"' machine is carried. 
'^'% pflsseH'll ™^"!™.»» "t present constructed, the cutler is invariably the fixed portkm. the wut 
plsQinir Bin^- ."■ , '■' " the act of cuttinit, hv means of a eliding- table. The particular spedcsef 

^ figs. W^S" "■i"=?.''"' '"^'^'' °"^^ latclyilriduced, U termed the hsnd-planing machine. 
« ""'ttdfo, " ^ , "" *^™ P''^" ^^^ 'i^"' "f « «i""P'« '*"'' effecUve hand-fJaniog muluH. 

other porii™!? "«'ork generaUy such as hnks and connecting-rod ends for locomotive eDgiDes,uid 

Th« UbrofTh'" "if^ "*'^™ " ?'"■" '"rf"" of «"■«" ««^"' » required, 

larger class ^I™ ^?*'"? « here supported in the usual manner, as employed in similar toobofs 
the table o^j oeo oolted to the top of two standards allached to the floor. TTie lower surhceof 

tachedto th*. R,Zt'^^ -""nich ia driven by a pinion F, upon the shaft G, supported in bearing! sl- 
handle H wort !rV^? of (he machine. Motion is given to this shaft in cither direction, by the oosi- 

The cro^s °We P ^^ '' '" » ""i'""- '"''°"" «» "Pplied to smaU presses. 

D, which i, tn,^- J ^--PPorted \,y („□ uprights boltod down to the bed ; this slide eairjes the tool4cid«r 
tic action of ,w1™ ^"°^. 'ho bed of the machine by means of the horixontal screw 6. The autuu. 
the 'ravelllntr.tahli. . .T.^™^, ? "^ motion of the eros-s-slide is effected by the movable stud a attacW lo 
Bet at any p5nt Vn „'rH <* ' "^'"^ movable in a groove in the side of thu table, is capable rf bti^ 
upon a short levc Z'*^'' " ""it the required length of stroke for the work. The pressure of thii uliii 
«onnecting-rt,d r seta »,™1^ ""^ ^"^^ '^"'^ carrying thu piece n, depreases it, and the laUer, hj ils 

The amouat^f , Hu ^^ mtchet-pla.e K, upia the horizontal screw 6. 

the pieces m and » ^1, r E'ven to the screw is varied by shifting the position of the sLding-thik» 
which boltaDaJlf 'jjf '5''*"* P'ate of the tool-holder is provided with two short circular Hlu(«,tliro«* 
turo of the i^u ™™. the bank pUle ; in this manner the tool may be set at any angle to suit (be S^ 
t>y the vert(^, „^ '^^ . ^•"i tool holder or cross-slide Is raised or lowered to suit the ein:uaMuia* 

A somewh„( TT^T^-'V; ^"*"'" *>J bevel geering In the usual maimer. 

Walton, of Lcpj V^ .v." "'"''^ '^'''^ machine of this species has been introduced by Mr. Cbada 

«>cnch, and oiayTl ^ - machine the bed is eo arrangei that it may be fixed upon tlie wortans) 

•*™"' " P'aceZx.f^"*^" 1";^'^ ^l ?""^ " "*^«*" f"""- Immediately beneath the bed oltte «» 

—=u a horaiont*! grooved disk, driven by bevel-g --^ "- ^ • " - - -■ 
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wheel motion, eocalled from '*^ - P"f„l i J^jrcunifereiice • ci^'*^ "'ST '*°''^ Ibroagh (he n^2l« 
tight aiigltB to ila plane; these P'"^ "f . . j „? .u. ^g.h bo as to effect the d^^ired oTterse radwei 

:U'-.So^srt:L';^ThiKrh%=cr&^^^^^^^^^^ 
g?i^^£^^i^^§S33^iss^ffi:^eSiHES^ 

fb. n.™,,, or the „„gl,-»hool, and •"•■1"'3 ™;,el oo. or t»o ol iho pi. i,.,i, 
ner: at two pomts m the eireumfercnce of the otaoK'f^"™- . „„ ,ho driviwf^Dini.n „r^. 






Sd aslopiof ;„7d.V;;„TTs7i».d .. each Poto^^ 
giude eauses it to trsTcrse in or out, as the «ase maj . » motions of tlie wheel will be tie 

pin^ end,, which eondiUon, it i. — ?.^ «»i?1. lltcrboSootil, to -How of », t,„,„™,rf,l. 
r«.it The go.de ■npp.rhns the pinion-sliaft » •'°;^°„, ' with the pio. of lb. msngl, .lei t. 






t of th. 

d motioD to the croaa-Blide of tbc machine, being 

for the ratchet-wheel of the lianaverse screw. 3™ 

Tbis movement, »lihough ingenious, is destitute of the ad- 
TuntOKB of an increased speed in tte return stroke, eonst-quent- 
It mooh lime is lost bj it when applied to eingle-acting im- 

The arrMigcment applied by Messrs. Naamjth and Oaskell 
to the ract-ploning machines ia a very conrenient though , 

■omewbat cumbrous motion. Fig. 3472 is a ground plim of 

this gcfring. in which a is fhe forward motion driving-pulley, 
keyed on the hollow shaft 4, which carries a pinion c geeiiag 
with a Inrgo Bpur-wlieel d. The lattur is keyed directly on 
(he rach-pinioD shaft r. shown in dotted lines passing benealh 
the table of tbc machine. The backward-motion puliey/ia 
keyed on the solid uhafl, pastinjf through the hollow one and 
revolving at one extremity in the bearing; g fixed on a pedestal 
attached to tbs bed-plate, nnd at the olher in the bearing- A 
bolted (o the side of the bed. This latter shaft carries another 
P^'^^geering by means of an intermediate carrier- wheel, 
*nth the spur-wheel 1 also keyed on the rack-pinion shaft- 
Ihe centre pulley ia of course loose, serving merely to carry 

fer fr«m''the f?L . ?"^'"ti' if "'''5^''- 1f"^ ''"rl"^ ^^ '^Ti^ snen that ti.e ret<frn stroke of the tJfc 
iD.-ii K '"rward to the backward pulley. Thus it will be seen tnui •■< ° . _.i,„i, / anAia 

™S. '" T'^'' quicffcf than ll.e cutting oni. as the difference in dia.neter of the two tv heels f andi« 

onf I/^'""'""''^'' Pl^ni-g mucbme^ the modification introduced by M. P?'^*t:;'t,'^;;;iL'ir>l^ 
Whit.^^,t'"""«"nP''^'*'- I" ''" ""Chine he has made use of ifie f '"^j^ le%Z it i.1^ 

•vnitworth t/i i.:^ ^JT^^-^ r^f^u^w,.^ j *i_ 1 1 nj rt^v^i-tttter to wnicn w© reier, iek omit 

tji ifl u,n scrow-macninee. Tn tin* pvnmnin bv Jn. jjc<y»<.*^« ,. *" , . 



motion 1 



In the example by M. Dccoster » 



™,K-ii,j,';-ijr.:r:toSL^ii;l?e7;iTf-S 

i' „:? f°°S'""'''' "» "I"" POfer i. absoSed b, a heavy cstion. tlian V "^'«J<^J KS,C 

^ metal. The driving ge.ring before referred to i, her. ptaced ■'""B"'* .•';! "S, . i.S ~.SS 

"^ P',°™ °" "'• "'""" l»vel-whe.l gM,is with a largo •i;"':»''"i." * '^ "JJlS 

TOrselj. aero,. iHe bed of the maciiine, bilo, tli. Obi.. Tii. hil»r rfi.lt came, "° "«-»J~J J^ 

•ear it. two eilremitio. ju.t witliio tbc frame of the niochioti Boood «.ch of *;•" y™" " S 

an oodlc. cl,,„, wu^i, „ ,, ^ .^ , ^ , „,, „„hin^ retominj ronnd a "mltr p.. J 

wbool. re.ol,„,oo„,y'^„ „„j. ^,|,,. ^, ^Jj „, n, tc. The oppr '"«'' »' '" ■';'^ 

attached to tbo lower surface of a V orooved elide, working in corresponding S","™ P'""™,^„ T 

.pp.r .nrf.ee of tb, bod. This .lid. ,.",;, ^"oid horlailal sUdo supporting the tool-hold-^ 

muji oi^iner n, f,„j.,„„„o„ of lb, ™ .Wri. lng«iloo,lv elToef d bj wo ralch.t.catebe. .1.^ 

«o ih. .p.r.g™,i.j „ ,h, „j „f the h™.i;t.l sUw* Th. fewer eilremit.e. of these »"*"■"? 

«o come ID (intact wilh mot-able topped attacbed to Ihe fixed frame of the machine, so as to pistw 

pDper amount of motion to the screw of the e^sslide The method of attachment of the ibi.s^ 

.SSodte'' «■ D°"c.!?..r h."'5r.:'d™,;T:f'"sing . s.e.di.r poll to the tooUhde tha. „ K 

BoKs.-r'fi'" sz'^'^.i,f£sz'.&u^ts:^ sr^ adopted h^ «. o..^ ^.d m. mj, 

Wolton. In St Cave's mochinc the driving motion is given to the Ux.l-ali<le by an endless atrap Jlj 
vtBBa oelow two fl,ed tens ion -pulluys. placed just beneath the driv*, »nd thenca round two fiislpit 






a compact 
worth, as - 
machuie, 

iag. *l(j>niatelv ,=■ 

aloiigside the table, Hli^.ug -, . , 

the frame. Tbis ebatl carries a, third adjuatable catch/, 
necled with a short lever cast on the boas ff working loose on 
a Btud screwed lo (he frame. Tbe aame bosa has nlao cast 
upon it a sucond lever A, at rieht anglea to the /brnier one, 
the end of which works in a slot in the scrap-fork t. Ttic lat- 
ter oacillates on a centre attached to the bed at t ; when Orn 
catch b comes it) contact with ono or other of the studs e, the 
flhaft d is cai-ried along lateiallv, and gives motion, throogh 
the arrangument of levers iast described, to the atrapfort so 
as to shift tlie strap from one pulJey lo tlie other, *nd reverse 
theUble. ^ 

The self-acting feed-motion of the crosB-alide is effected in 
the foIlowiti(5 simple manner : on the sliding shaft or rod i^ a 
few nick-tttith i are cut, which geer with a segment of a spur- 
wheel keyed on the shuft m, working in bearings screwed to 
the upright frame of (he machine, and carrying the eccentri- 
callj-grouved disk n, which revolves with it; o is the vertical 
tod currjiug' the ratchetoitches for working the horizontal 
screw of th« crosa-shite : it 19 guided by ft bearing^ screwed 
to the fmme, and carries at its lower extremity a pin working 
in the eccentric slot of the disk n. Thu9 irhen the ri>d i^ re- 
ceives iti motion from the catob 6, at the termination of the 
stroke o( the table, its short niijc causes the disk » to make a 
portion of n revolution, so as to raise or dupress the rod o 
by means of the eccentric groove. This motion U nt once ef- 
fectual ani easy of application, besides possessing that great 
desideratum in all tools, compactness. 

We now come to the consideration of tool-bolders- The 
Bpeciineii of a tool- holder given in Mr. Mylne's machine, is one 
•et of al'^'^ complicated variety, being pnjvided witli a double 
inir at , '"^.^d appropriate screws), for the purpose of plan- 
The sa "'.'''^f "* angles with one adjustment of Die tooL 
*luui im^ i" '•'"^p however, by this arrangement, is more 
™uoierbalaDced by the increased cost of tbe tuol-box. 



Lth the movable catches cc, ndjuslable on tic d»,ftdwkKra 
booringg e« at eoch end of 




-nd the disarf^, 
"o fnf from il,„ 



'hich it entails upon the machine, by throwing Uie point of resistann Id fiifti* 
gf the Bupportine frame as to render the cuUing action unsteadv- 
sunfuler modification of Uie same nnety of bolder ta represented in Kgt St^S.vhcnte 



•lOO ^_— — ■" "^hTdrcol*'' en*. of jeven, 4, ,. , 

-^^ olaoiog, *.? Vitb iW rectilineal eurfar7„''«l.»«A>«««W 

. J Hisk. I**i ^^tnand»'«*r .^' causes the work to r!^.™ " "« wili (tedw 

m«iner by « circular «l<»"*di *dJ"«*f/iedinS »«?JTs^ttinK macLine. B^^Vo-i/i-tle^fi. 

driUed.i9Wd on an iog*"^^ A e«l*^-'^eut »» *''f^^8 at Mjr angle b? J**""*"* *« 8«^^ 

tion of the traverse of th« ^^ »rr«n«^"^f plane «"'*!^gned to se^at? ?PP«r"<"<!i'^ 

of cutting, Bimilarly to the S^f ^roduct'^'i^L'^usuaUy co^^'B" '^'e ««ol8, anj is . rciV asrfj 

tool becomes available (oj *"*.£,' tbe oO»<'** ^ , nlanimr wp m. •. 

of the tool-holdor-tbu« it umtea * ^ .^ "„ Se iH^v.rT ''.''r' "■«'"i™> «>• B«W. 

auxiliary to the engineer- „„nectioo "W'**lri,f planing "•^X'fS^ •'"'^ « ««'"■« eutto, ud 

Though not iQ immediate connec •pec.ea o^P^ j„ gie """M «'""^^*"'>^.<lc,incoto«AZ 

etaud^uttiDK niacWne. T»-» .V^g out the ^^^utmo^\V'T'°^n^.f^'^^<^"'»'»«»^ ^ 

ia used for t^e purpose of «""!"? 1, requires tbe f^^ <*«7"*u "^^P'nninjm.chiDorfitfaesah 

machinery, a species of ^,f '',^„^rting Pf^f'f*'' perfectly ^vel, othemise jbe roUe„ willunlagoa 

preparing and fitting up the supp^ o^ *^^sfi tSs » ».''P««'j','"".''"*^ MrBodmer fii« .reVrf 

tially neceaaary to preserve tbcir accompl'*",.^^ ^ ordinary planing machine The upright bm- 

injurious strain in the -""^Sf * bed. «»»*'""*r!ivinir cutter, similar to the steel cutim xaSibtaXae 

pedestals upright on a «n°^»™t, ^rries a re'^/l'l*°fre pJ-ced « • ''"* 7'* «■« "»«<» of the bed « 

U ,n the centre of the in»^»nf r^estals, ''*»*^i^ an accurate adjustment of tbe height of ewb. 

tte teeth of wheels; the row of ^ ^^ ^S the wooden rollei? of ft„ ^chtaeiy, med»i»» 

then passed slo^«.ly beneath the c ^^^ ft":.^" filers to make a portion of . reroiution after the a* 

A machine ainuUr in principle »=' <^uaing the roiie"» "^ 
being introduced for tbe purpose o . , „, _tio„ may be defined ,« phning maehine. «id> 

tuwofeaeh tfrooye. -eneral principle of aotwo^y^^^^ 

mSfo^ir X\%"riK fbSr «f*-r"th*^ 5:0^0 wSrk now e,.f ted by tbe» w» endi* 
tic tooU of the day. aS, until a short time tocK, ^^.^^Q specimen 0/ this tool we may refer the r»ler 

performed by the file and cWpP'°K. -.007 aSSS. 8389. 3840. . ,.,,.. . , 

to Messrs. Caird A Co.'s machine. * •g«V,?.??''he driVing-geer to therecipnjcafang too is ber«7«7 T^ 

The method of tnmsmitting moUon from the an ^^^^ ^ ^ble.,n addition to the u««ar«- 
and the machine, as a whole, baa a very handwwne 1 f ^^^ ^^^^ ,j at any angle to rait the difeat 
tilineal and circular motions, is pro^'^^ 7"^J^^o cutting the key-seats of wheels, where a slight a- 
varieties of work. This angular nooUon J«."*^,/ ' Wey. u. , .. • 

dination is ueceseary to suit tbe shape of the ."*"^ /jhat the size of the work capable of being efa- 

In such a machini as Uie one before u^ it »« «*i°^ ^j.^ cutting centre to the edge of the «appoitii« 
ated upon by it. is circumscribed by the distance iroui .^^^^^j^ „[ ^f^^y ^ easUngs of alMge 
pillar. Iftliia Hi««»no<.» inrj-eascd in order to fu" " _ , _„.„„„* nf unsteadiness of action. Itesn. 



pillar. If tliis distance is increased in order to ?"" ^ amount of unsteadiness of action. Me«rs. 
Bwe, a greater disadvantage ensues, namely, an ^Z^iXnst efficiently by doing away with the sppporV 
?^a8myth A Qask^U haveTemedied this disadvantage ^^\^^'\^^i^ ^p^arda Xte machine k, «jt 



"^mred for fJi« „ "— .•!..«..« f. , ' ti.o Hrivin<»-ffeer, in tnis ins" 

■haft, nil,!,;! *^onven encc of the workman. The ^ri*""o_^«"' ^.. ..-t, - r - = 

i«« wi£ aT* U"<J«r the table, near the level of the floor, driven ^ » »^?P^^ the riipTocting moiioo 
*»"•«",<,« "S-o «pur-wheel. which, at the same «"«' r':.^J^~f" Jlww the tniversing-P" "f,"*? 
connect.!^; ^" '***»■• *>eine irrJwvud across one side, for the purpose "'/"^'"^^-nj-nt. Tbe spurvhtd 
«t-CS'a •« "^^^ ««?ff oHng moUon of the table is extremely neat and <^2^l^y^ ^ I, ^ 
""""no. h"^ * small eccentric the rod of which communicates with the woi ^^^^ 

««e"te':^"'«"j' «t right Sngles to each other, beneath the '"»''««« s.d^ of ^^^ i„^ 

'notion, ^hl^y^^^ screw!, one of which, passing beneath ^'>,^^"^ °^f^Z>^„ti^,sid, 0<>^«^h 
'^^e,^;^ Sli * »^, **?*'««• ge^rs with the screw teeth cut round the circumference ol it, an , 
^."^e have ni,.„ * J '" a circular direction. ,„,,»:„„ -ri<re for drills, as well M O* 

S"*"- sj>c'cfc" of , -^ /«'"«cus.ed the philosophy of tbe true form of «'"tV^*^...ftef uwn the coostwctiooor 
.^Aataro umL°^ *"*''« of U,is class Tit renrains for us, therefore, now to «°**^ "^SuSiine^ a» i«d ly 
**e enginJ^"'^^P'-<^F^fly termed drilling »<«A,V*. The varieUes of these "^e*^ ""S"™"*^,, adwtd 
^.""e %,an,^- "?•*-?« "uniewus. that we can only find space to toudi. upon a '"^.l.^.to two dies 
'^JT. nan.Jf; °L"^« ^^'orkshop. PracticaUy s^aking.'drillingr macli.ncs /^J'T'*^"^ ""» *'" 
livf "'■ « «-"c;d"ev«,r°'r'"'"" "-^rtical pillar, or w^l side drill, and the radial ^"fh"** ^ j,^ ^eirein 
^%ft. 1 1 22-iio^8 *"iLI^»*= of the former of these varieties we may refer the T^^^'l^.^f^^'^i^,^ 
^tsclu.^s. LfnA^J[ -^'- Whitworth-8 vertical drill. This n.achine, which proUblytokesJhenrs 
**rw.iti3„,t*'"'*«^*Y?***-'"«.beingpr<.vided with its own separate frame '".^'ff.'^V^^^Mkb, 
«« "rran^^en/ent «.^^^i't"'nal "'PPer' of » ?"'«' or waU. Motion is communicated ^ *e dnUspnd ^ 
*»n'e. hhorJcf!,:'"^^. *° the IbJick geer of a lathe, contained in an opening in <^o "PPlI^'toSw "f 
gngement. «„Tii ""^'^^ f««d motion** of the drill-spindle is aelf-acting ; Jt « » ^»"3|,'St2 ib 
^""S» is se?e J^,P!;.«-«'"inently deserving of utten ion. The upper portion of *VP^'''*.X2<«1 
^eoD eaci, g^^'"*;** -*P«- the pur^e of geS-ing with the inclined teeth "' » P"^"^,^?™J™r'/W 
£?^t friction^ '^ ^ *^ = *»»« axes of which work in bearings attached to tbe front of the frarae. A ««h 
**|ch a'-'-angeX,T^'"/i^*-''^ ^y » '"^ical screw from b^^ow^em braces tbe projecting <"«>» "^ .J^ "^^ 
*i« «"Pp<«e the if* ,^^** revolution of the wheels may be completely stopped when ffq"'*''^ J^^. 
*ieel, tirnly n */*^»? *«"■"« screw of the fricticn^lip to be screwed up so that the ^}^\^J^^ 
jr in t*»«ix«- xx>aiUon; it follows, then, that if tho drill ia set in moUon, the threads npoaii- 
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manner by a circular slotted disk. In planing the circular ends of levers, Ac, the «7ork, after beiflg 
drilled is fixed on an ingenious adjustable mandril, with its rectilineal surface in a line with the direc- 
tion of the traverse of the tool. A self-feeding motion causes the work to revolve slowly m the actioo 
of cuttiniT similarly to the same arrangement in the slotting: macliine. By detaching ihis geenng the 
tool becomes available for the production of plane surfaces at any angle by an appropriate adjustmeBt 
ofibe tooI-hoJder— thus it unites the offices usually consigned to separate tools, and is averyafiefiil 

^^houeh not in im/uediate connection with the subject of planing, we may here mention Mr.Bodmer* 
stand-cuttinir machine. I'Lis tool is a species of planing machine, provided with a revolving cutter, and 
is i^d for the purpoee o£ cutting out the recesses in the small stand bearings, Ac, in cotton and otber 
mAchinerv a species of ^v'ork which requires the utmost precision and exactitude of management In 
^nArini? 'and fitting up *^e supporting pedestals used for the rollers of spinning machinery itisessen- 
SflJlv necessary to preserve their line of bearing perfectly level, otherwise the rollers will undergo an 
Siurious strain in the working. To accomplish this in a speedy manner, Mr. Bodmer fixes a row of 

J. « _:_l.» nn o. nicrkTnhlA hoA t^nnairtifiuA lilro an nrHiriArv ninnincr mflrhinA. The unriffht uVD- 



nedestals upright on a movable bed, constructed like an ordinary planing machine. The upright fram- 
P in the centre of the machine carries a revolving cutter, similar to the steel cutters used for cutting 
SS teeth of wheels; the inow of pedestals, which are placed in a line with the motion of the bed, are 
then na&sed slowly beneath the cutter, thus securing an accurate adiustment of the height of eadi. 

A machine similar in principle is used for fluting the wooden rollers of flax machinery, mecbanBn 
beinir introduced for the purpose of causing the rollers to make a portion of a revolution after the art- 

Slotting machines, in their general principle of action, may be defined as planing machines with 
movable tools. The period of their introduction to the workshop dates among the Litest of the aawma- 
tic tools of the day, as, until a short time back, the species of work now executed by them was entirely 
Dcrformed by the file and chipping- tool. As a finished specimen of this tool we may refer the reader 
to Messrs. Caird A Co.'s machine. Figs. 8837, 3338, 8889, 3340. 

The method of transmitting motion from the driving-geer to the reciprocating tool is here very wmpe, 
and the machine, as a whole, has a very handsome appearance. The table, in addition to the »^u^ rec- 
tilineal and circular motions, is provided with apparatus for setting it at any angle to suit the <j|^^ 
varieties of work. This angular motion is useful in cutting the key-seats of wheels, where a slight ai- 
cliqation is necessary to suit the shape of the fixing-key. 

In such a machine as the one before us, it is evident that the size of the work capable of being oper- 
ated upon by it, is circumscribed by the distance from the cutting centre to the edge of the sopporting 
pillar. If tljis distance is increased in order to suit the dimensions of wheels and castings o( a large 
size, a greater disadvantage ensues, namely, an increased amount of unsteadiness of action. Measn. 
Kasmyth A Gaskell have remedied this disadvantage most efficiently by doing away with the sapporv 
ing- framing of the machine, and causing tlie tool to cut from below upwards. The machine is, &sti 
were, entirelv reversed in this modification, the driving disk and geering connected with the slotUng-bar 
being placecf under ground in a pit made for the purpose. The cutting end of the slotting-bar pn^ 
up'wards, through a fixed cast-iron table on the floor of the workshop, upon which the work is laid m 
the act of slotting. As in this arrangement there are no supports to interfere with the work on the 
table, it is evident that this tool possesses an unlimited range of action. In another modification bvtbe 
same firm, this object is attained by supporting the tool-slide in a bottom-plate attached to the floor, to 
which are attached four strong pillars, carrying a square table for the support of the work, at the height 
required for the convenience of the workman. The driving-geer, in this mstance, consists of a boriwntal 
shaft, pasising under the table, near the level of the floor, driven by a strap, and carrying a pinion geer- 
ing with a large spur-wheel, which, at the same time, serves to communicate the reciprocating mouon 
to the slotting- bar, being grooved across one side, for the purpose of receiving the traverping-pin of the 
connecting-rod. The self acting motion of the table is extremely neat and convenient. The spur-vhw 
shaft carries a small eccentric, the rod of which communicates with the ratchet-wheels of two sham 
running horizontally at right angles to each other, beneath the movable sides of tl)e table. M« 
these shafts carries screws, one of which, passing beneath the centre of the table, gives the rectihoeal 
moiSoo, while the other ^eers with the screw teeth cut round the circumference of it, and, consequently. 
traverses the table in a circular direction. i 

y/'e have already discus.-^ ed the philosophy of the true form of cutting edge for drills, as well as the 
minor species of tools of this class; it remains for us, therefore, now to enter upon the construction « 
what a»;e more properly termed drilling machines. The varieties of these useful machines, HBUsedm 
the ^ng'"*^«>*, are so numerous, that we can only find space to touch upon a few of those best adapted 
to ih*^ wants of the worksliop. Practically speaking, drilling machines are divisible into two dasea 
ODjtr, naniely, the common vertical pillar, or wall-side drill, and the radial machines. 

Jr»£^r ^ ^^od example of the former of these varieties we may refer the reader to the detailed view d 

.^%%- 1 1 22-1 1 28. of Mr. Wbitworth's vertical drill, l^his machine, which probably takes the first rant 

iti it^ clt*-^8. is independent, being provided with its own separate frame intended to be screwed^ <« 

^Ooi- -«*^itbout the additional support of a pillar or wall. Motion is communicated to the drill-spind'e g 

«lO ^^^^t^g^^^^nt similar to the back geer of a lathe, contained in an opening in the upper fwrtioD of tK 

^*J^^' The rectilineal ^*^^^ motion of the drill-spindle is self-acting; it is a beautifully ingenious it 

*"**>& ^^ent, and is pre-eni intently deserving of attention. The upper portion of the spindle between w 

^nz^^£r^ '^ screwed for the purpose of geering with the inclined teeth of a pair of worm-wbeeU, pla<»' 






q . -^ is screwed f^r the purpose of geering with the inclined teeth of a pair of worm-wbet , , 
* ' , cjacJ* side of it - the axes of which work in bearings attadied to the front of the frame. AcoBh 
^fiction-clip worke*! hy a vertical screw from below embraces the projecting ends of these ax-esibj 
' «ii iirrangement the revolution of the wheels may be completely stopped when requisite, f^^ *' 

^^ijl^*^ :«pP^'''^ ^*»« tightening screw of the friction-clip to be screwed up so that the ktter holds the**"^ 
Vl^* ^L^ iirmly in their position; it follows, then, that if tlie drill ia set in motion, the threads upootw 



tit #V» 
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.- ^ Arm iinmediatel/ oyer the e« 

haiid-x^beel shaft and g«e"ng mto t^^^'^^^^^r «o«"«^«^„*°^„7,^'*-*he^l^r'''*« W«?^ 
Sy hand by mean? of an o^-J^*^ ™^^beaa on the dnll-spindle » ^^^ «. , riortiomooJI^ 
<,4er which a chain •»""«<:*«<** 5^™^ bo that he can depress tie gpj^^- Arorffi^^,;^,^ 
to-ought wiAin the reach of the workman. ««^^„„ter-weight att«:hed to% "Jt «t p/e«„«, «„\'^ 
«T«otion being accomplished t'y.?*^*"*^.^ JJ central movement bas been arf„ ?"'?"'% « tie nW 
^heel Aaft A somewhat similar ^^^^J^l^^^Z^rt consists of a 8tn,n: »ed ty ^. Bo<fe^~S 
S^proved radial drill. Here the ^^P^^"*^ u^Wbich it rerolves. 1 1"""" '^^l" PWiU 
^iS. ,rought.i«« centres at *fP«"^ bottom, "I^'J.^j.eel on a bracket t^^ P^ <fcCn.1« 
of this pillar, and.carries a nut attached^ a b^^^ ^^ ^^^ niachoe i^"^ *"«(?'' «^ertS 

i„ thepiUar. T^" *«?<*«»•» ''"■"^^^^Y^^SIe'Tgeering with the one «le^"T'<'"«^'«i(«^ 

^s ;^^ Siordi^-r^iti^ai *-oo*v vf hi^ft ::sK tt^v^'^x 

TS.?sh^ft ^es a slicing bevel-wheel provided ^»^^jJ^l*°J' '% Srooy^^Zltulm^^ 

^ and fall with the radial arm without revolving }<^f7'V^ "b^ft F^n> thi, bewl ,teffi 

S transmitted by a train of geering to the driU-Bpindle in the wdu.1 arm« in the umU 3,^ 

self-acting feed motion is highly ingenious and ?ff«?»'^« ^ ^J'* J^.*"'.''' driving.d„,ft ^.^W^ 

carries a small band-puUey from wTiich motion is given to »f <"* horizontal woSn-wheelZft^Z 

Tf which geers with awheel on an upright shaft carrying a long pnion «, it, uppar extSi^ ■SS 

pinion geirs with a spur-wheel attacheiT to the nut of the top dnving^erew of ^Jm^^ 2™ 

some specific purposes this apecie!< of 

- - -„ J . . w , J.- , . .... " '™enor to the ordinsrvDiliirorwa 

side machine on account of its want of steadiness and ngidity. '' f 

Boring machines are, abstractedly, merely modifications of the lajger class of drilk and ire applied 
to the same purposes. "^ 

They are divisible into two classes, namely, horizontal and vertical machines He latter snedes of 
machine is generally considered to be the most useful for engineering worfa, and there i> so dS that 
it possesses some great advantages over the former one. In the first pbce, the vertical poatiai of die 



ylinder entails no traneveree strain upon it. which would be prettycSn'^iJi^jSe'taT^CeVrflL^ 
^ placed horizontally. Such a strain would, of course, render the action of the tool eitremelj u3 



C 



'»'"'.i"lj:!li^'^?Lsrfr?i'/»!f;^? ^^" ■r„?"l?l*L'i.irr?«^ ..^?«"^ .«"« boriog,b.r,o.y 



m some 



we loo-u. '"J "^J; -r-V ~~ '-"„! 7T T '5e«.a' eucn progressive step, lie most coovenient and 

Bccure place for a bonng-machine of a lai^ge size is the comer of the workshop where the two aneuhr 
walls form firm supports for the framing of the machine. worasnop, wnere lae two .nguur 

Messrs. Nasmyth 4 Gaskell have produced a useful tool of this particular chiss • the fi«nilii» coosisto 
Mt of bonng, ^.^^^VPY^^f^d cross-beam for carrying t^e upper extremity of the hori^bar spindle. 
'^^'^TtLdnVing Kef;^J an*'«~t»^"^"*'' ""^ ground floor of the stop, where, as weU a^for. 
P°^"f i^ nf^teidlXs^nft t^To^^ • /' purposely made to receive them. Ue dririog-polieTS 
roA wi^rii^" wo^rmlwt^^l^n^e"^^^^^^^ ^/l^arVr" 7^- V'"" "5 1 

l»'^?^hfdLmZ n^t ofSie t~vi"* '""^'^ <="*• ,li"">ediately this is accomplbhed the cutter-b« 

yir.%'^i Xtii^'^sri'-^.^vt.^i «'r ^« di^Srh.:: szLcted >^o.^.»,^ 

for *f «^i^f„ ,tg^„ **«'"° Navigation Company, for the purpose of boring out the cylindci7of the 

on two mas- 
the cutters is 
■" r«^^ of the enuiDiaiuro, and 8iirr«iii»,r Vu' r--"—-jf-'^ «*i iiiien]aiscreweacoiiariixe(lontbeu{>per 
'" t?nir nto a rack running down ttt?^ ^f. ^""S'h^^- A train of geering, terminating b a p£2a. 
T°*i'hf first wheel of the train! ,=f ^^ V^^ boring-bar, is attached to the Utter and revdvei widi 
r ifion • this geers with the int^n^^w^ of crown-wheel, its teeth being set at right angles to its aii« 
"^ '"'f U^e train IS sot in moUoi JTJk *''"«''''. »^ "^e screwed collar bef^ menti^ed, S> that by this 
S**!!f«er end of the rack, is rai«o^ « j revolution of the bar. and the cutter-boas, which is attached to 

*l,l"Talton.o/l^eds,ha3r„r^rj?.l°Tf:tl"?Z^^^^^^^^ ,. .,, , , . . 

ive bonng machine, with columnar framing m- 

platos of locomotive engines. The machinie h 




nXr oocrations, the tool-holder anS\u^^ ^° ^ ^^^^^ °^ ^""^ ^^^ ^^"^^ without refixing the object 
hiff machine noay be considered aa a *?^'® ^*^*P^ movable at right angles to each other. This bor 




■ " . wriediBtely over the eent ^~~— 

»«"*^"^t *^^Lr^ Kerhead ratchet lever con^ driU-epwd'e » ^o^^d. °? »5«<'»mon(.IM 

over -which a Cham <ot. workman, so *'"*\" -weight attached to » cb«f P'*'^- "» "pnni 

b-Hf^'J^^"^ 'Xhed by means of a c<-oter^^^e^|^^_^^ ^^^ ado'E^Jl-ft " <!« ™^ 



«:lfactmgfeedmob»»b«wy^^ motio" i» given to a short han«mtal worm-wheel d»ft,d„ worn 
T"w I ir™ w^ Hheel on an upright shaft carrying a Iw p,n,on on its upper eitremitv. TO. 
°^^^'lf«wiaasDrrwhe^l attacEJr to the nut of the top driving-screw of tlTsphKlIe, whid, d.« 
pmion geers w^ a ^rwn according to ite bonng speed. By detaching thia geeraj. the 

rtnlni^ 3 be ttr^^ bf hand at pleasure. Althowh for some .peiific purpSe, thfe^« rf 
Z^ £ hiS.rusefuryet ^^here great a^Jcuracy is required .t „ njerior to the Uitt^ pill.rVw.U. 

^'•S'^TeH^^ti^-'^l^^^^^^^ ^ ch» of drai, »d «. .^ 



Thtv are JiviSble into two classes, namely, horizontal and vertical machines. The latter species of 

rhinc is generally considered to be the most useful for engineering works, and there is do doubt that 

•t T^sessed some great advantages over tlie former one. lu the first place, the vertical position of the 

limler entails no transverse strain upon it, which would be pretty considerable in a cylinder of laiige 

^^ olaced horizontally. Such a strain would, of course, render the action of the tool eitreme]j unoer- 

♦*^n and would detract materially from the required true surface. Again, the boring-bar may in swne 

rt be considered as liable to the same disadvantage which its vertical position remedies. Lastlv, the 

^^^ t^on of the cutters is not at all irapeded by the presence of the turnings, which immediately »U to 

Jh foot of the cylinder and leave the cutter free at each progressive step. The most convenient and 

pcure place for a boring-machine of a large size is the corner of the workshop, where the two angular 

S form firm supports for the framing of the machine. 
^^lessrs. Nasmyth & Qaskell have produced a useful tool of this particular class; the fiaming consiste 
ftf a stout circular bottom casting, provided with a clamping ring for holding down the cylinder in the 
.J- u^«ncr and an overhead cross-beam for carrviner the uooer GTtn-mitv of the borimr-bar spindle. 



Her-boss is traversed m the usual manner by a longitudinal screw in the bar, but a different method 
^adopted for returning it after the first rough cut. Immediately this is accomplished the cutter-bosi 
• ^^tached from the nut of the traversing screw, and is hauled up alone by a small crane attached to 
Up machine •, the cutters are then reset and the finishing cut is gone over. 

A machine somewhat similar, but of gigantic dimensions, has been constructed by the same engineers 
forthe Great Western Steam Navigation Company, for the purpose of boring out the cylinders of the 

^'^^^thH^^machine, the entablature 
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capable of beinff worked either by manual or mechanical power. The framing consists of a single 

casting having a stud keyed in the thickness of the metal near its top, for the purpose of carrying ihe 

fly-wheel and driving-pinion, which are cast together. These work loose on the stud, the pinion gmij[ 

with a lar^e spur-wheel keyed on the horizontal eccentric punching-sbaft. A slot is cast thmugh the 

centre of the frame for the reception of this shaft, suitable bearings for carrying it being placed witbn 

the slot- the projecting end of the shaft is slightly eccentric, for the purpose of giving motion to tbe 

vertical 'punching' and shearing shaft The latter consists of a heavy piece of metal, having a horiioo- 

tal slot in tbe centre, for the purpose of allowing a deal- space for the lateral working of the eccentne 

InAnf the drivins shaft Suitable bearings are attached to the front of the frame, in which the puodH 

inir-shaft is arranged to slide, the top of the latter being the shearing end, and the bottom canying tbe 

nimch the matrix for whioh is fixed in a projecting piece cast to the frame. 

The* machine is adapted to punch holes up to } inch in diameter in plates } inch in thickness, st anj 
r fan/.p fmra the edge not exceeding 7i inches, tlie frame being hollowed out to this extent topenmt 
fSe entrance of the phiticjs. The shears are capable of cutting plates } inch in thickness, and 12 iocha 
hrPAdth without curling tlie piece sheared off. .' 

The construction of this machine is exceedingly simple, and being set in an independent framiMof 

•♦ ^ niav be moved to any part of the workshop with facility. A somewhat similar machine, bat 

udhmore complete in its details, has been constructed by Messrs. Nasmytli and OaskclL Heretbe 

"! nSiino'-slide is provided with four punches, by which means the same number of holes are poncbed 

V^-T ftiroke of the macliine. The punching operation is also made self-acting, by an ammgemeot of 

f «plf movWie table for carrying the work. The plates intended to be punched are fixed in the ua^ 

nmnner on a traveWing-table, moving on wheels set to run on a pair of triangular rails. A long notched 

haTis attached by means of brackets to the under side of this table ; this is arranged to traverse the 

table in the following manner :— The large driving-wheel on the eccentric shaft cames a pin fiiKd id 

the rid© of its rim, which, once during each revolution, comes in contact with a lever connected io» 

ratchet-catch adapted to take into the notches of the bar before mentioned ; thus each revoluUon or tue 

spur-wheel causes the table to advance a distance equal to the length included between each notcnin 

In Fig. 3100 we have detailed a machine intended for the bending of wrought-iron plates. Tham^ 
cliinc, owing to the increase of iron ship-building, has latterly risen to be of great importance to tte 
engineer and ship-builder. The present machine being principally intended for the use of tfie smp- 
building yard, where few plates are required to have a regular curve throughout, is not provided vim 
geering for simultaneously altering the positions of the ends of the front roller. This anangemiw 
allows of the setting of one of the ends of the roller at any position with regard to the other, so as w 
give any required twist to the plate. „ 

In the original application of the bending-rollers to the curvmg of boiler plates, none of "»« rouwi 
touch each other, and they are placed so that lines drawn from centre to centre form an eqmtau 
triangle, the upper central roller being made adjustable for the different curvatures required; tnis 
arrangement is, however, now entirely superseded by that depicted in Mr. Napier's machuie. 

"We take this occasion to acknowledge our indebtedness to the Engineer and Machinists Aaastaw 
published by Blackin and Son, Glasgow, for the very valuable articles on Geering, as also this ooe (« 
Toola The* work mentioned should be in the hands of every engineer and machinist 

TOOLS, TURNING. The process of turning is accomplished with considerably more fiicility. truw, 
and expedition, than any other process requiring cutting tools, because in the most simple *PPjJ°[|J"' 
of the art, the </wicfc principle is always present, namely, that of rotation. The expedition of w«/^ 
is due to its being uninterrupted or continuous, except as regards the jwogressive changes of tne m, 
and which is slowly traversed from part to part, so as to be nearly always in action. £ -j.™ 

To choose the most simple condition, let us suppose the matenal to be in rotation upon a toed aw 
and that a cutting tool is applied to its surface at fifty places. Provided the tool re"^^" T^ " 
^yne place for the period of one revolution of the material, the parts acted upon will each be«Mne ow 
circle ; because the space between the tool and the axis is for a period constant, and tbe ^^J*^'"^ 
the material converts the distance of the tool from the centre into the radius of one circle, and Uie mdk 
ia equally true of the fifty positions. ♦ aj /* 

The fifty circles will be concentric, or parallel with each other, because the same uus, «^".^. 
contiiiut-'ti as a liue, remains constant, or is employed for each of them ; and therefore coocemog 
fifty circles to be as many parts of the outline of a vase or other object, simple or complex, a viu 
strictly symmetrical, or equidistant from the central line at corresponding parts. , j, 

Eifcch of the fifty circles will also become the margin of a plane at right angles to the axis, a™ " 
axis t>^'^^ a straight line, the whole of the circles will be parallel, and therefore the top and owwb 
of tbi? v'ase will be also exactly parallel. And yet all these accurate results must "^«''^'*'^?^*™ 
that -«rithout any measureinent, provided the material revolve on one fixed axis, and ^^"^^J^l'^u^ 
for ^ g^hori period constant or stationary at each part of the surface— conditions inseparable trom 
tijj.w'^^' s arc. 
'^ ^ principle of rotation upon a fixed axis removes the necessity for many of the steps and mean^ 
«iig '• r«^q"ired to produce with accuracy the various angular solids employed in carpentiy and mw; 

QAl ^^*^ vtS 

lS^ ^turner's box consists of two pieces, as the bottom and its four sides are resoWed into ooe pi«^ 

^h^^^f wood, by nature io the forest; when of metal, by man in the crucible. The surfaces are ti>^ 

^^fff *^ sauced to eiffht na«*<5^^' ^^^ ^^^^^ ^^^ ^^^^^ surfaces of the bottom and lid amounting to four. «" 

th^,^"^ er and outer sides or margins, amounting to four also, and the revolution of the work upooiwe 

K^J^^^ces the eieht in exact and true relation with extreme rapidity. , ,u »rkd 

^ P^*^^ample, the ends or terminal planes of the box are, from necessity, at right angles to the ^ 
lX>^^f ^^ and parallel ^ritb each other. In each of these superficies the question of beiogwor** ; 



titbnW"'- 



™llrn«<i tor taming th. "" "K^; they »?7,he d.ouW«" of fc ^-JiiWut^j, 

^^■^!^ •"^l^jf^Ym^t ^''.H.bijfi^d ,-. ^^^^,»««,^ Witt tieSr 
Trtder tlutn one mch *^ "\b have short h 
24 inchee; the Bmalle'" toom 



M7B. 



sKS^?:s-5 



' hel^, 



""ff cfie «i * luaiiiiiir uie gouge is tm 

'*•.<"■ file ■WoS5 ""*^ ""^ gou^B ifl supported 




the bevel lies »t « tangBit, wd ^ 
WJ"^'" "e'din iC "" the mirtdlB of the back, or with tne concaTe side up""*^^,""? ^'VfT^^IlL!™ 
™«f tjeneatb it ^ '^^l" hand cloae to the peraon, and the left hand ^aspe the Wade, with the finp" 



and with the handle m 



the centre <rf the chamfered edgt 
)re than the angle at which iU chamftt 
■e of the work. _ 

difficnlL r«4e 



S^u^d. and iti^ ^*^"«' 'he plane; the tool ia inclined 

otemt?*'!'^ w «.l«5""'''""y t""""^* '*"°°^ 'fie margin to 

orirj^IZt P'^ne, tfa^ .^ "^ed for hollow worts, but thie application ia somewhat more di 

^1^^^^- "•»* ■ t^^'^''^ ■« almost the same as tor the external, eicept that the blade 

W T^ - ■cross tf,^ ""f y !>c first applied in the centre to bore a rfiftOoW hole, «ner wl 

hndR r^ '" the t'*"^ by the depresaioD of the hand which movea the tool as on a f uicruio, «« " - 

•n» JiT ° tool ra-t _. "^d about the fourth of a circle, ao (hat in completing the margin or the mlanl 

^ ^«o»n. "-««y be as ID Fig. 8477, but with the convei inatead of the coocare side npwinKo 

hu**f' '""'" Boft "Xx^rJ^^* "™ represented tie plans, and in Figs. S485 and 8486 the elevatiois rf tta 
aaos are fi-t»«i^^ri "'"'* "^^ "^ '^''s'l internal gouge* ; they diBer aomewhat in aiM and fan: 



"^ ^^hcifc^^ 



« to 12 inches long, the hnodlea ,^ . 
™^ ae the dotted lines, moallj on one. 



shaipeoed f 



Tooi^, TVBsnse. 






'■^'"■eeinent than those next 





„_„„ „ ,j^ ' *o« lUKD WOOD AND iTOKr. — Anffltt 40° to 80°— fTffvrri generally \aif . 

acutely.. ^ P*'epiu-atoiy tool for the hard aa well aa for the soft woocla, but it ie tfaea 
becau»a'Uio%-***t *"**'' ''hiael may indeed be eniplojed upon the hardeal woods, but this is w 
^e«ble, and^*** *'''' ''"^l^ bevels hold in a horizont«J position, aa in Fig. 347S, are much n* 
''tandiag that ^h *"'°"'>^ "^ f^e different natures of the materials Ihej are tb<xnagh\j suitablr, ■■ 
"jodlas of ttx^j'' ""^e"' "■« nearly aa thick s^ain oa tboee of soft-wood toola In geaeral. abo, tl 

"*°'. tha Ulhe-reat or support a 



iy._^ssn^ 



toolg are oflen Bp^Iied to a considerable extent of the work at one time, and the 6n- 

' ' I---. ■ .... ,(j.yjjjg^jjj jjjg inogf neortj iQ oorrevpaDdence «itl> 

cjJindera, cones, and planes, whether eatemal « 

__„ - .L ■ ...~-" r edges, which are sloped in various w»jb m n- 

- «*iaei„ . y "^ """^ «■"■ Jarge and amaU, and of proportionate degrwes of ■tMHth w 
3^ ^"^ magnitudes. The following- ara some of the most useful kinds. 

3«D ™„ .„.. ____ 3^ ^^ ^ ^j 



^t^nj'^^'* afa^i* "^"^ fi'^t^te.f by selecting inst 
^""fa tfc °*'^as»riT^* Hoctilinear aurhcea, such as c 
""'* *PiM-t *'*«-'ta . .r^^"^^ '^'s ■1*0 with rectiliuear 




J««t thnn!l^*°'Si'»«"wifcuOfi«mtherightl.ai. 



Tho/oJ^«i, Pig. 3600, cuU o 



beinjt intended to iodicats tbc 
■ ' the left TTie teflon 
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^^^onme circumstances of internal ar rang handle, senreeM th© cfo,,^*^* eagjjv accoa^^^ 



sK^ i^^-^,J^.^^^srJi^^^^^£'^s^^ 




empioT 

waii/bll 

of fine lines or strife. Thia eneci, « y^- '^Tli^JZ^o^^af their being freoue'^r ""^ *'i '1''**^ which end 

*^ VbXa^riettTca iB laid cloee ^^wo oo^eres^ ao^^^^^^^ 

^dth, lines are very likely to appear oa the "^^^^^^J^^^^^ "T^*« ■ ^" ^m & vihn- 
^n S^to which it U put ; W if tfce one corner <>^^ **^I^*^ work to the e^t of the thick. 
ness of the shaving, wbiUt the other is juat flush ^^^^ mSv^^L^?"* ^^ ^^ ^ ^b«ti«i k It^ 
B^ed, and that whether the penetrating ^S^^ ^^^jf"^^,"^^,^ «<J^ce. 

The brass-turner frequenUy supports the f '^?^*"'^;!^* "P^ ^ <^ edge <mly, and keeps the other 
sliRhUy elevated from the rest b^ the twist of *he hand, waich thua appean to serve as fcaahion or 
Bpting to annul the vibrations : FCg. 86 lO shows about the greatest mclinatioo of the tool Some work- 
men with the same view interpose the finger between tiie tool and the rest, in taking very li^ht finish- 
ing cuts. The general practice, however, is to give the tool a consUnt rotative shaffling motion opoa 
the supported wlge, never allowing it to remain stncUy auiet, by which the direction of the ecfee of the 
tool is continually changed, so as not to meet in parallelism any former stride which may hare been 
formed, as that would tend to keep up the exciting cause, namely, the vibration of the metal The 
more the inclination of the tool, the greater lathe disposition to turn the cylinder into small hoUowa. 

Some workmen burnish the edges of the finishing tools for brass, like the joinera' scraper, or the 
firmer chisel uaed in soft-wood turning. On account of the greater hardness and thickness of the edge 
of the tool, it cannot be supposed that in these cases any very sensible amount of burr or wire edge is 
thrown up. The act appears chiefly to impart to the tool the smoothness and gloss of the buraishcr, 
and to cause it. in its turn, to burnish rather than out the work ; the gas-fitters call it a phuiishing tool, 
but such tools should never be used for accurate works until the surfiuse is perfectly true and gmootk 

The hard-wood and brass-turners avoid the continual necessity for twisting the lathe-rest in its socket 
to various angular positions, as they mosUy retain it parallel with the mandrel, and in toraii^ hdlow 
works they support the tool upon an arm-rest ; this is a straight bar of iron, which resemWes a loog^ 
handled tool, but it has a rectangular stud at the end, to prevent the cutting-tool from sliding off 

Xhe position of the ann-rest and tool, as seen in plan, are therefore nearly that of a right angle ; the 
former is held under the left arm, the latter in the right hand of the workman, the fore-fingera of each 
hand being stretched out to meet near the end of the tool This may appear a difficult method, but it 
ia in all respects eTOeedingly commodious, and gives considerable freedom and choice of position io 
managing the tool, the advantage of which is particularly felt in guidinjr the first enliy of the drill, or 
the path of the screw-to<^; and in brass-work it likewise renders the additional serrice of assodatini 
the tool with the elastic frame of the man. But when particular firmneas and accuracy aie required 
Jhe tool should be supported upon the solid rest as usual 

rruRNiNG-TOOLS FOR iBON, STfiBi., mo,— Angles 60O to ^Oo—Mffuret aeneraUy oM-tixth thefuU «».- 

be iriangtdar ioo\ is one of the most effective in turning th4e metals as was adverted to above; 

1-, *i^\ i« «i-^ „-«^ a._ .1. . P . ies of the metah, 

triangular tool b 

S^ ■J?°^ir«d^'^ *^^ Peta^ and instead'of ;^tii^nVu Vr^ 'i» 

turning the flat sides of the nng, the face of the tool is pUctS ahnoat in agreement with the ^ to 

be turn®"* u* k • i 

1*^ ^t'^d oUiQuslv^c.f' ^fe^dingly general tool, is a square bar of steel ground off at the end, 
dij^oally ft?^ ^'^^ at an angle of from 80 to 60 degrees. The parts principaay used 

aw ^? * miSm^^unH li?"® ***^P ^1^« ^ ^« P«^°^ ""d to 8tren|then the end of the toot a mimite 
fi«»* ■* *?.^r ^itSof tK ^♦"^i^^^y ** "»^* "«!«« ^ ^^ ^road chafer, or principal fiioe. 

The P'^Pthe^Hn el^f *'*^^ '"^ ^"™i°? » cyhnder, wiU be most readily w^inteTout by laying the 
chamfer of tnewoi in exact contact with the flat end of such cylinder; it wSl be then found that 

4u^ lateral angles oi the tool will ♦^ i. ^u * j ^u i-i;r..;x_ .._'xl_ _»._a 



of the If t^^JSS^ tS ^Z ^- ^" *^"ch **»e ^^ a°d the obliquity m the shaft of the tod would be 
the »ng.*^„^li «oaition «o u®' ^ .««'ound, instead of which it is held square and slightly elevated above 
the bo«*pniai 1 ira, as shown m Fig. gei 1. The graver is rotated upon the supporting angle, whidi 
sticks into we ^ ™^ the same as the edge of the triangukr tool ; in fact, the two tools, although 
^«>^"? '2 the^v^ I^H ♦if'^^^''^^ '«> a verisimilar manner. 

^" "^''^^h tfrSv surSS ""J^f *^*« for the metals, it is the aim to avoid exposmg the end of «he tool 
to the ^^an old file an^ I • "^^^^rial This is done by cleaning the surface, espeoaUy the eztrsae 
^^^'^A^eter by a wiS« ♦i?'"""^^ at that edge, the work is at one sweep reduced nearlj toitoir 
quired oum- j wiae thm cut, which may be compared with a chanier, or a oooical fiHooa. 
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.>dge travels in short arcs, and when i« ^^-^rdinary V^liL^T^J'^ «* «^X"^"ii "^ 
Account the Btraight handle, employed lO ^.^re shaft ?^X i\^ ^'° «» Wk'^*^'''^ 

iented In the S»t fo^ of beel-tools*e»^^^„9verse handle « Men m tb^ ^ ba^k -iohti 

by an eye-bolt M^nSoaflsiDK tb'^"«'**l«^teupon which tbe^oi^e and |,eeli!S'°^''«»W»^ *»• 

managrement is e<fually easy, afl in the latter re, lean^f tkep^m 

alone to the individual , » -t fnol for iron, wJiico is cnnously. ],%„ ., 

Rg. 8619 repV^nt another kind "^ j^o'^differences be% tere alj'2?a« ««* J%. M8J to 
aifu .* iTAfT .-*^_ , i^ _ir. -„,.«^ the common ""_, ^j „_._ ^. .^. . "oserraK- Mmpr thain. 




«bout tliree or^?"^*^^** * ^^'^^ of nearly similar land ; the stock is of iroo, and it cam'es a piece of steel, 
^ fuller, to le inches lon^, and one inch square, which is forged hollow on the faces by means of 

for smoothing, i^^^ ^®** *° ^ ground away on the stone. TTie rectih'near edfifes of this tool arc used 
toe too/, thin aT>iiV '^^^ers, iron ordnance, and other works turned by hand, ana to preserve the edge of 
^® *'^*'igenient;s #1?^ ^''^'^^ wood are sometimes phiced between the cutter and the oar. Under fiirora- 
in tj^^^^t of tixG jT^®®® ioola also are managed with great facility ; indeed, it occasionally happens that 
^^P''oper action ^tJ^fu^^^i^^^ supplies the necessary pressure to advance the tool, so that they will rest 
^^sionally reQti^*!? ***** being touched by the hand ; a tolerable proof of the trifling muscular effort 
^^^b^ ^^^'-tooi^ ' ^^^'^ *^® **^'® are judicioualy moulded and well applied 
■^to ^^ '"ow- i^ ^'^^ various others of the same kinds, although formerly much used by the miD- 
^^Jhu^^^ ^Ao^j^ * great measure replaced by the fixed tools apph'ed in the sliding-rest. 
^hati th^t r* '^^'^-^^'t^ 7m^^ ^^^ TURNING AKD PULNING. — AfigUs OS tfi the Aand-ioolt'-F'iffures ^ener^ly 
^f the ma^ *^^-tooll ^^^f^^ f*^^' — "^^ performance of &xed tools is, in general, much more effectiTe 
'^'*> as th**^^'^ ^o tjt^ * ^ ^® ^i^ guides and slides now employed do not suffer the muscular fittigue 
'*?^e ©cono .**^ JPiii^f ^ experience those fluctuations of position to which his hand is liable. TTiere- 
'^^ch ^^ ^'^'P^ty^ ar»rf * °"® constant underiating course, the corresponding results are obtained both 
^.J'Ae cuw,^''^^^ tile *^ more accurately by the intervenUoa of the ^uitie-pHneiple, or the slide-re^ from 
jl2'**'o#i«i ^ ®<^S-es ot ^^^(^» *"<^ thence the planing machine, and many other most invaluable took. 

"^ ' i-eor,'"^ . "®;***^^? ^^^^J follow the same circufnstances as those of hand-tools, bat 
Utfhf "'^ *^*t;li i;*!i ^ ^^r^i^g them upon principle; because the shafts of the fixed tools are 
vtf^ — Thli ^^^ tooll power of deviation, either at right angles to. or parallel with, the surfaces 
^^^^^^ conlf^^^^ ^o ^J!fZu^^ ^^^^ ^° ^® '^'^ firrasp of acrew^ and clamps, in mortises, staples, and 
^^km«^^ and ^-"^^^ioQ or o T®'"®^'"'®' ?^°"* ^^ ^e same accommodation of position, to compewate for 
Ui-t ?**«t also S:**"^<^«:«d i,Vl!. .^V®°' deterioration from wear, as when they are held in the hand of the 
J**J^ be, itaTS '^^^ «.^-j7^.^"»s judgment "^ 

^^^ the ZV^^^^e^^'^jy J^"?^ '''J^^^ that, however ponderous, elaborate, or costly the macki^ 

wl^^f ^.rf .."^° ^^ proper adaptation and endurance of the euUing-toet. 

*^« raSiu8*?or*^'Tif^^ "H*® horizontal hne, as at «, Kg. 3625 ; and unless the 
^<5o«dioi? in ilfhit^/' i'u VP''®''®*®™^*"®^' ^'°e-> various interferences occur. Foria- 
^^oano £ini^ I. ^?^ ^ °'' ^' ^'"W not reach the centre of the work, asd a 
^^ tool t^SLT^^^ * ^^ co'-'^Hture of the circle at b would sacrifice the pronr 
^^aoTand th^ ^l ^??. "1 obliquity of the strain ; and at c, the edge woiU^ 
• *«id althouLh^hrH ^ **"^^ ':''*' "^^^ °^* *="*- 'r*>«*« «^^ increase with the dioi 
**» «vUof su^nM^t.it„5!T ^^^^y exaggerated fcM- illustration, the want «f 



«»t)oves 



, ^e 



,*^«uai 



^e*i 






t»»e cutter al^^^'!?*'\^' various coDtrivaaces are resorted tOk bj which eUber 
uwer alone, niay be exacUy adjusted tar height of oeotie. 



TOOIiSi 



TURNING- 




degrees. J^ 



tS-tt^ 






^c^ered as the 






•« 4-iifl.t the ixKiHa for brass prfigAn^ 



— and fL "*«««» ««i8* 
^"S in order tlati^iag 



surface, 



generic forma 

^«n<,ric form* of **f . *«'j?,n/"«^ti<»' 
^'^■aaoBt in contact with the line ox 






^*ii©jr are sharpen 
"^^c naiTo^r rou 

o cutting ^^4"a^"'e,:^ fe^ b7 about flvele^' ™, W??J "»» 
•r comers it may cuear <»»»'" *i,« «„i;„^-;««i i:^»^®*»"^a»t will tben col 
t^ proceed into the angrle upon the c^f'ndn^ K and to leare it upon S 
yi^^^ ,-.,«♦ in the reverse maimer without intermiaunn ^ 



^Ths fixed tools/* 
edges of the tools !■ 



'?— z 




ily some ten degrrees irom to« »Qiia ^i^ oi a cube, it k abundutlj 

-<i upon a considerable extent or width of the brass thejr would be liable to be 

ttfce paths of the cutters are determined by the guide principle emplojed, tk 

^>e oesired. , _ .-x ^ xi 

r>»* present more diiBcuIties than the generality of the foregoing kinds; lint, tlie 

"^^ r*'.«* ftdire is »-«**V^*^'^'*«r and more interfered with in the act of gnnding, as the vertical hekkt o! 

tjie cu«i°f ?"^ e afc^^^^d when either face of the wedge is ground; and secondlj, they are emwd 

to far °J^Jf f^uccA iS^^^^^ from the greater hardness of the material, and the less sparaig maoa^ 

♦ Jrnner and ec5oJw^'^^"«»^t. o^i°? *« **« smaller price and other circumstances; and therefore^ the 
°^^^f ture of a. ^^^ic forms of the tools for iron are highly deserving of attention. 

• ^ The tool F*i&^^**^ ^^hen it is overloaded oommoDly points out the line of greatest resistaace or 
**^*^p line at whio*A 5^^^^» although apparently keen, is very weak, and it ia besides disposed to por- 
QA^^^^AH Fiff 36^ J^ wedge-formed extremity meets the work, or to pnetrate at an angle of sooie 
fKft Wkunder forttt'a.* - ""^ould probably break through a line drawn nearlj parallel with the fiu»adof 
^restetance in oraer-^^*^? '• *^^ portion should therefore be made verjr nearly paraUcl with a 6, the line 
it now break it will l^^"^ unpart to the tool the strength of the entire section of the steel; so that should 
an aUov upon whicVi ^^^*l a much longrer line of fractura The tool thus altered is yeiy proper for bnsa, 

But withthe obt%is^ 3i^ cannot be favorably emploved. 

it mu8t be remembe«-^^^!l^^^^i*l'^- ^^^^ other metals will be only removed with oansiderable labor, ts 
material To jrive tV*^ °*^* ^ * wedge, and must insinuate itaelf aa such amongst the fibres of the 

degree of penetratioxT*^ if ^^°^**'^?^'* tool the proper 
as in Fig. 8681 to IlvT* * "PP^*" "**^ '® °®^^ sloped, 

of fnction and the w^^ - *°^^® '" which the minimum / i r , ,- . 

moat nearl v m^iTt "^^^\«nam of durability of the edge / / / / / I 

be about 60 h1«X.1 ***^ ^^ch, for iron, is shown to ////// 

^^09. The tF^T^ ; ~ *° ^^^ triangular tool. Fig. 
meeting at 6(i^I^^ I>l»ne8 of pointed tools for iron, 
trahed^, or^^''^^\ constitute the angle of the te- 

J« made in the k>ent fb™ ff pr q«^^ «x>n lost in the act of grinding ; therefore, to conclude, the tool 
be many times arounTl^^L,,?,! l'" ^J**"* *^^ ^^^^ ^^ ^S- S^^^ a^® retained, and the tool maj 

i 

^^^roFpi^VsranK^s^t*' «»««? forms are shown^in Fig. 3689. 
graving on st^^l a^a copSr-Xte, Hion Xfi,*'?*"**^ ^^^ ^^<^«'7 ^ the form of the graver used for en- 
whether squa^^e or lo^ai^e^^iJ^ 1^^^ ''VP^ The slender gniwr. 

point may lie so noarly narillel !^f»f L^°^ ^^ H^^ ? ^«ened handle, so that the ridge behind the 
aa to be prevented or ch^d b^ikl' ^5 **" ^^P^^^ty buried in, the line or groove under formatioo, 
fiimation of tta« fact that the linJof Lnlf^?- ^?**?* fro°> digging into the woric This b another coo- 
touchier the ^«rorlc ^"^ penetraUon is that of the iSwer face of the cutter or wedge, or that 

In adopting: tUe crank-formed tools Pio' ^aqo xv . . , 

must be remex«l>ered we can neve/e^n^'^^?^'.*^?. principle must not be carried into excess, as it 
to^e machine, <:fae tool, or the work ^ ^ ^fasitctiy from our materials, whether viewed in relatioo 

The tool shovel ci be alwAvn imT *C^ 
S^S- ''"' ^'*-"« longtb ; aJTS^ wi ih** *"*' " Pncthible, therefore the hook or cnuik d>odd 
^ beu^ dout,led. Se flexure oflhTtos^^i^f ""fi^*,^ "°« "' "»« fi»ng-sorew c to the edge of the 
if^y^ -^i?*** «!«, as the flexurm^*hi^f "tJ!™, ^ «~^«'W ! when tabled, nine-iWd :T&ct. « 
i5.^^i°*, *t^ '=™<*.) the point of ITto^l «££^ to occur fi«m near the c^tK of the bw. (th.t 
^c^ft **^ *>«°5l«, iteVint would dte^d*^,lr**f^''''«*^°°<* *he central line »; otb^Ar-e 
Su> ^t"' ^^ «>oint sitJiucd behind ttl ^ntraXl w™.M ^ ^"'^ ^^^ ^*« '•°*»«»'' «> *» '»»««««*» 
fe^^ 1?^ *2i^ ««tend the wear of the aaakedto^tll^'^ 'P™^ «»««y /rom. or oW of, iosteul of M. 
.., '''eh tb^ "I>I^r«urf«»ofthe8halir«i2^^i«f'^t*^"'»'j;*"°'««*»'«'thattt;p^^ 

]i the central line, and thev m» .siil.r.' "^J" ^f admit of beinf many times enwDd 



»»«»» theVI^^ JtL-T Pf J" ""'*** o*^ f"* shaft, as in kT a«?« .X '^P^'X, forced bo that the point is aearir 
obJiqueiit-^ T^ *1 *''® '*"'™1 ''ne, and thev ««, .^mI . .' "^J" *''*"• admit of being many times Kroond 

Partixre :tfk-c3™ the right priniple to alW tte^iS?*? fr^^^"* recurrence to the fonre S«. but it 

i auow tiie point to extend beyond the centre line a 



TURNING. 




frequently 



3646, 



3647. 



3648. 



3S4a. 




^OI^. ^^^^^ 




do'ubSL^Vnfli^ti^^. T ^^r"^'^ ^y w"^ f£^^ ^orWa/^^y, the true indina^Xf sohe60^ to tie 
narrow focJlt^i^i ^°'' ^ *^ <^ese pointed tools ^P\ .j^ attained 

Con8idemb?e Sif* °P«rated upon is then '°^'*^^f^^ other appIicakioM, id which the cutter aiidite 
•haft are distinc^^ .""^ J:^^"**« ^'*^°*, *?*^ ^of^el admit of beW formed with conaidemble ease Bod 
accuracy, and of i £?""*«; ^« «°^»^1 ^^^^ ?^ Ifocfe manner. Audwhen the cuttere are fixed in ftra^ 
»>a« or rfiafta of ,v ''^.^ened in the most ^p^f^^ of strength, and the one shaft or carriige ^ 
»«rve for any gj! ^^^' ^^7 receive any reqmred degree ~o 

The blades J^'^^t^'''^^^ of blades. ^ ^^^j ^nd ground much thinner, to serrc fcr 

ii-|£:,'--o, °^^»^.Be^ w^^^^^ of the toothed wU which . i^ 

*.*: Z*^^ Ti^/jink "*^ surface, but the Anishtng or A< 



their A,7**^^« ^ "'^^^ of vanous curves ana aegret» "*-"-"©;-. .r-— - ^^, those for irw, 

'^^'''^^ «fid o^r^ ^J^tic b/it3 partial suppor( Ss in Fig. 3610, is frequently used for smoothiDg im 
ers tiarned with the alide-rest. 



3&f& 



3647. 



364a 




3649. 



n 



£J..... 




\ 



3^ 3e*« and S647 





~. nly the f*""" ^eni 

irf powtioQ Within the liMnf "' * _. ,. ''"' "Wb *i%iHMi» 

ment ««Mt8 of a lOrvag "P^"t,^"'^rd«' '' ""'""'' ' ' 
OB fonndatitm, jo thif* »» AtOtcne^ pjeaso 
Tbi. bnirt i, ™«J u.d l-r^-A y the I 

^oo the .piodi, „r„hicb ii • •!"»" P' i„ p, 
The brukel i, „^^ when >»"ecl to >» 1" 
of which B imoili^ is fixed. ■ " 

lie or the ndU m, D D. B i" ml 
bj this mewiB can swing "^ "' 



tBBS.tttticbed bfdiirt- 

tUiKreir Torfaiololb 
-inckai tbe tuiof lb 



to wiuoh aU the diiUiDg apparatus » attacue.^ 







heel''^^ll- 1.***'^''''° "^ winnninicated to Ibe machine. On the spmdie of llu «" 
Pith a',™!,r eeers with tha Birmlar wheel marked e on lie vertical ipLadlej. Tbi 
-rticallv n.*"''^'' '" """'^i' *o ""de through the eye of the vheel e witB lie 
miiar wiieJ?" *''*' "PPS'' ^"'^ of the spindle o la keyed the bevel-wheel A, wtid 
bollow bwI ^ ''■^ ^""^ °f t*!^ horizontal and hoUow ahafl G, which bw ite bMraj 
es into if J ■ * grooye-cut iuatde of it to receive a feather inserted into Iw 
•intr fmn, .V "''*' "■tieh it must of necessity turn by virtue of tlM e«mertig 
Ha« ttu. >J: i^";^*^"^^ "'''■ 'The other end of the spinaie * has its eitrem beu- 
ortiFr,rZ , "^'-J'neel o keyed upon it ; this wheel frsera with that durked ■ to IBi 
ievel M( °5''' /* "'°^°'' ^'"S communicated to the driving pulIej-Moe E,ftrfl 
nir o nn/'' fu ,"' *™" *** "■« similar berel-pair at A, and from th«t praDl lJiroq(l 
"'r>ed, '^'^* "'''''"='' "placed on the drjll-spindle / with ■ ililiiig fnlk" 

o wheel which ^eerB with thai marked A, u» being (UrecUy keyed oo IheWfcf 



TORSION. 



" d ^' j"fc _ . motion to the dT^Xi-mti^x^ l 

««V^*? o« ^^To*^^^ -w^heei marked « «». "^/^fL ^bich are the ooDe-i)ollev,T ^-^P^-Ak 
••*vA'bte**'«,Sto-^^'** »odof the same «P;»°<}|« ^S.^ loose, by wild, tie a,i^. ^. 

® ^^^'^ 8?^""^ ■^'^ «w tite lower oooe-puUeys F. t>y w " «°n'e/ed lim^ , liK „ 

K^r^SLV^fp^, ^»*« foo^lever J with ^^-T'l'^^.^^'J^ZA^^^-^^^n^U 

--Hing'thT drm-spindle to the .^^ ^:^-^-:^^^^^,^^.. 



*A^t tbe same wt.^^^ ^>i« «i:^«^ T^^^^lcet. into whicli 18 ntcea sue wp w we dril^-spindie, 
^'^^e manner ^ ^t-^^^i^^^ Sep^ocTle to rhe sMd^ bracket is render^ o^t by y^.%«4. 
tbllop « formed wx^;^^ ruW^Vt. w^ch is kept i°, «|f ^^T^^^^^ J^ned in . to L^^^ 

the h<5loW s^^'^XZ!* ^^^ ^>ear8 i^inat the under side of the ruff. The spmdle js at the aune time mi 
,iove by Vf ^;^|f . ^^^^iTiS! ^he end of this pin sustains the downirard p,e«are when the f«?; 
placed on tlie w^«^i.^ j^_ «- 

*^ M is the bracket: c>r ^^^^ ^^^^^ ^^ rj^^ table is simply a plank of wood resting upon the top plate oT 
the bracket. , -. '^'^ 

As the ^--^Xe 5.^^ ^Hll-spindle is very limited, the table-bracket can be wised and Wered atpkas- 

tire, through *^*'.? :"^avimr.ed ra^e, by means of the screw S. Ite 9o\e is guided verticaUj bjgrwf«H 

in the fr»f"^' refLl^!^ alsogrooves formed in it ta receive the heads of the settingbolts wm, the nats of 

which, being ^f?^^^^ t;ight, keep the bracket in its place. The bolt-heads are entered through the opoh 

ings n, and ^^^.^^^^rx the grooves //; the arrangrement of the table-screw S, with the hand- wheel for 

working *^' ^" T^ ^<=>«i^et with the treddle-lever attached, are shown m plan, Fig. 3659. 

Fig. a656 /\*. ^y^**-** of the sliding bracket for feeding: the drUl-spindle ; and Fig. 8657 is a plan of the 
^^'^^^.^^smv in rr^ forked by means of the treddle and link L 

TOUbKJi^ II ~^<2*^«»nic8 is the twisting: or wrenching of a body by the exertion of a lateial farce If 
a slender roa «» ^ Jl^t:**.! suspended vertically, and having: its upper end fixed, be twisted tbroqgh a cer- 
tain *?Si® ''y retiTi^!? acting in a plane perpendicular to ita axis, it will, on the removal of the force, m- 
^7^^l. Z^^\ «^^^"^ *** the opposite direction with a g:reater or less velocity, and, after a series of » 
ciUationa, ^^^ P^^ tio rest in its ori^nal position. The limits of torsion within which the body -ii "- 
turn to Its ^^^^T^J^'^^tG depend upon its elaaticity. A fine wire of a few feet in length may be 



The 1 '^^*"^- 
as metatlTc^ ^^rl«^^" **«? ^®? experimentally investigated by Coulomb in a variety of eubstaDoes: 
body ofeivJ^ VxtU 'S 1- "^^ ®*'^' **^ ^^® method which he employed consisted in attadiii^ga 
angle, to ab^^Ho^ w*^ ,hi'^T''"%lu*^^ extremity of the wire, and, after twisting it through a certain 

'4tnU^^"~" P ZT^nft^oM^^'^^^ ^' ^'"^'•^^ ^^ *'°^^ ^' ^ ^'^'^^ "^ 
that is to^sl'^^^fn^i.^T^ «r»^"J*.^'l*' different weights, it will settle in different positions of stabilitj; 
S.d tW^^^iar^Tvl^^^^^^ :::tto7la''' ^ "^r^"' ^^'^^'^ if r weight be «ri4 

2. The oa<=ailation8 are i8o<AWL . ^^^ circumference, 

4. T^e ti^l of oscillation t SIT*^*^*^ ^ *^'^ ^"*''« ^"^^ o^ ^^ weight which stretches the wire. 

6. Theti^^e of Sa«on i^i^. ^^ f'^"^''\^^^ 

From the «econd^f "h^ kw7f.T ^ '^ *u^ "^"^^ °^ ^^ ^^^^^^^^ ^^ ^^ ^''^ 

the force wi tli which it tend^ JT JJ foUows that when the wire is twisted round from the positwn of res^ 

order to attain it. For it is a^pnp^ u * positiou is proportional to the angle to be dcsmbedin 

according to this law have thpTTr^rlTJ^ '*®®"i' ®^ mechanics that all motions produced by forces acting 

in equal times, x,.hLTever L the^i.?^^^ of tautochronism ; that is to say, the Oscillations are perfo^S 

saying' that ±rt^ force of torsion is nm.^5 iF^.^. ^^"^ fundamental property is usuaUy enunciated by 

_^i^tPde«c>t^ thrfcLrtorip;*'^^^^^^^ ^ ^ ^ 



TRIP 



HAMMER. 



, „. , 'i*3ta of thro* rofl««tiogpJ»^ ■„es:IaMeurf«ea j>n; /„""!"»«*»' 



^ *'^ of the i>"0 «»«^i 
eacb other. ^J"i 



Suppoee I> O to fc 
»t 1', andtbe image c 
3Sro. 2 pasaioK througb ] 






iiliiwingla-*i»i\ 



Vf^ is reflected from C B, iZ^ "^ ^'^ ^ " 
. 2 ^isainK "^;?»,hr h^' tha» formed wili appe« £^ ■« »& "d «i» 

•^-™ reflected, and ."'"5, *^| '^d Se^J Na 2 ^Z p^^f". ^"ff*"^ 

r-"-**!*, as snowji "j ^aVB contiDue to »dv»n™ tKo i ^. . 

^■pparent noon ; a« "^^ ™j'" •-"■ 
m to aeparate. 



<4 fat nog puKdun 



'^LT UluBtration i 



BOO is »*»"' *^<-^^r»« itlTmt uncommon tOBce tnerajB™™=v«:umiiD Ibewindowiati 
nwg« of *>o^«^*^ t>c.*^," '^l idea of a public iUuminBtioa ^ .^hJe aomepMc«, of He «... ™n 
^^^"" rcfl«ct«^, <*»4»^™?tio^ pa«- through the ^laas ijU. the roow,. Cr,7.th,»t™^ 
!^e rays of '""J^^^ice. «« S^v ^rl^vled above) maj^ be throwD at pleawre in «Dy direwic <a^ 



Vwiththera^e of tiic. sun by a pe^«» ™^«J''° '^^ ''"^ ^^i"? ', '"S^"™ i° "^ "-"^^ ""I; 
J, diildreo P«^.*»<=« >wlmt thev calla ^<»';*-»'--^"'^^ If ow it Jnetead of fc,^ ,be „„ „r«, i 
co-rcaectingooject. (^auch as the -wall, «*«%.> he were to transfer them to idoUmt looking^lia, iW 
•ould be agwn rea^^^^^ ^^^^^ ^^^ latter glaas. Suppoeiiw these f - 

1 aoglc of 'ess i»»«.j^ ^^^ mauoer oorresponding with the poeiti 

the iMtrum«"J^. a^^ aUo shown in the fig.u^ at I) B. BC, he can 



Iooking-g!»M,ilitj 

"- 'ooking-giiSBeB to be pliced u 
Ml of Ihe two ailtered pljoa «a 

■ A « M„-^ ■"-"-■■ fig.-u^atDB.BC,hecan refl«ttbe.un',r»jBa™«,U 

, window. ^ ^->-«w, ,f ^^ imagine the window to represent the outer reflector of the tnenclkD betnt 

mt, its ^°°^,?^*^*-*«>« is by this process, completely exemplified. To proceed x liule fnrtlKr; il ii 

dent, that „^ *-»=»Slo and situation of the two looking-glasses could be so arranged sstodirrattie 

■g at IheBW *"*-<»vigh any particiUar pane of the window; so thuL ■ pei^xi stwiding wtUkmI, m i 

perpoaiUoo. "W^vilJ eee, m addition to the oun'e rajs reflected from the ouler mirhce ot ibe ptof, tin 

t ot incidence tti^t had pasaed through the window, and were thus reflected from the donbt nmre. 

of the lumin^^xia objects (the flash or glare of the son) so produced, would benaected from the 

ice of the win<it».^^ and would bo a nnoie reflection ; while the rays of inddence, which bad piwd 

•P" JfV K ^iT*'- ^<i undergone a A«*6/« reflection by means of the (m> mirron wouH on being 

in cmcK oy ttv^ mirrors through the window, move in a direction oontruylo that taknliTUie 

i 5*^ il"°"' '^^ suriaca of the window-pane. Hence, any one of the bearenl; bodto, ^al> 

itoUieeye \>y a proccBs of the abo^e description, would not only appear aa two distinct ol^'^ 

"ose obJectB "^p-ouldbe seen to approximate and cross each other in an opponSt course: a desideri- 

^^ff^^'^f "y Becured which increases the power of the instrument in a double nlio, aod reodcn It 

.1 — i. .-.. .^_ — ^plojed. 

~ " ~ any persoa to oblsin correct time 

■ . . j: -J — ■■ . w Luu »,..»■. ". «.J sun over the meridian ty dij.or 

"msitoftho Btarabyoight, It poasesses great odfantages orer any other of simibrcorTBcaaa; 

'f ?^B'y Binople, it is not liable to get out of adjustment or repair, and it does not require inf 

n Etciyond that which is, of course, oecesaary in the lirwt instance, via, that it be placed co i 

riace, and id the meridian. The observatians to be taken afterwards can be made by injaift 

p^xiviooaly unacquainted either with aalronomical apparatus or practical astronomy; (he io- 

txiing as simple as a sun-dial, while it is infinitely more correct, since il gires the time lo 

?''*'-^ti°'' °' * second. The utility of possessing an indicator of this bind in iddhtion to the moa 

luat be evident : tor, however excellent a clock or watch may be, eipmeow 

■ '" obtain exact time, /or lengthened periodt, by any mere mechaniol <x — '- 



tionably proferablo to any other that has been hitherto employ 
UipleidoBcojpe, or new patent meridian instrument, will enable 
lOgreateat facility, by an observation either of the transit of th( 



dimcult il 



r-emedy the defect of mechanism, it has been already remarked, that actual obeerralioiirf 
ay ttoUies becomes mdianensable ; as. with™,* it fhs h^t Hrrf-iee-pei cannot be iniplwllj 




^«ri LTs^'h ? '^*'l«'?™«'^ of « maU trip-hammer, such as 
B8 UW bolts, and for swagmg yariou. other kincfc of amaU wo^ 



I caniDoolf DKd 



— ■ ^^^^^^ 1 _aJ ncals. of the tnrhine iiii) ,^ 



a general Tertical Bectira of the eotire macbme, flhowing "(■ "ierMl MtfK 
utiog very, clearly the mode in which (he power ib trammJtted to "«?" 
flTi'eU u the aH-ansements for letiding orf the water after rt ha. perfcraedffi 

wo eectional plans of the machiEe. taken upoo two dislinrt horjwolJ t^* 
in the sectional eleTation. That to the rigEtof thecenWlmenaldiD Wta« 
[1; while that to the left is lakeo upon the line R a at tte leTel of the jp 
ilatefl, and also repreaenta clearly the arrangeineDt of the great geenng " 



The turbine, properlr so called, coosute of a plate of cast-iwo t. Bit wwi fc 
Tda the middle, in which is a deep eye, bored and fitted upon the torata "j 
le cenlTftl Bpiodle o, as shown in Fig. 8812. Tbe turlMne ia fixed »Dd reteo" 
d Bpiodle, by a atrong nut put on below it, and screwed Sitoij «p™' " 



rounds extemJlj W * cylinder of pl't^^^^S^ J^^ri-ioB. would f^P^ ^^ 

between the diap&nigmB. ,„d „hicU. but «!' ^ ^ ., , '*^8cw«&^„ft,». 

the turWne, in oUdience t„ t^B preMura T"*^ loWer extremity by '«e«mi7«oten,i 

oe»e the lower end. of the tout rod^^^: tZ^^of tho %'"'i'er7 > pS„T &» ^^ i^ 
w«.ble j^jecuo™.™ provided upon *^t ^75.6 p-^O^*"' "^'^JUaL ,'^?»"XSrii^ 
"™« of the coUiU- by nuu above wd bel^^. for ^ {^^j. -C""'.^ ^Z^t Tj^ ™d. „ ^ ^ 
«t their upper eitremiUea, where they enter too ^^ ^^^ ,^ g'^'^^'fcfoQi.pa.pi^i.iu 
ihowD m tfie pLm, Fig. Z66S> ; ope of tl>«. ^°-"T^ Revolve apc^ *^* « ?«. 38l7 n!^ *i^ 
geer With a Urge central wh^el fn m. whi<2i » ^„^ « ^^ ' *""- cent™ cut on U» C^ 

^tud-bolto to the eeatre tormed by the ""t*"^"^ ei "^ "» eirtiUMu* Tli. 

^ w„^^ "*'*°^' "■'^ it can be worked at P"^"^ --. ^l^^ed upon iWa^j, 

«i°^ bemg put in action, it- motion ia tranflferw? "J'^^ pa™ ».,u. wi^ i, ^ ,„ ^b U:^ 
2S^ "*'««' » "». Md thence to the four pimon« * * fA,^' "^ P""™ acting « fi«d flut.3 

St^ .7 ^''^"''^^'Pecli.opinionB. The «!"■<=« 7'" '*'".^.7.™'«d lAen the rodpi, turned fraa 
^^ "Sht, and W*.*^.' t£ue enU.«ing or oontwctnw t^«ji'"M opening, and U^bj tlk-.,. 
^^t^^S^rPJ-'?^^-^ paa^int tJie turbnie. according („ a«, llSou^t of po-l ™^ 

^'^ iTt^ Pr^Se'S^o/^tE^ --^"y^"^^ j-=^ to fonn . ^tero t. a. «,;^ 
geerimT '^ '*""* "B™™ from the machine. »ad to ?«''«" "« «pr»r from being thrown opcD lb. 
nnderthe fl ^E^nded water is drawn off by a coTered gutter, into (he cuJiert or tail-race L.«loU(d 
for any th^' , The wheal house is thus kept perfectly dry ; no water whatever can be obMrtBl, ai 
Naming bib ^'^'^ Hie casual observer can discern to tue contrary, the machinaiy in the iataior of lie 
. ^B apitT^ be unpeUed by any other agency than that actually employed 

'? • '■ootstclr^ ™ '''8 machine is carried at its lower end on ■ ateel pivot sunk into it, and wbich woA 
ti ''• "Pncr' ■" ■• to admit of a smaU amount of vertical adjuBtmenl by means of the ooUoaodjfti 
«biatnre of ,ti'*^°'''j. '' worke in a bearing in the end of a Btrong arched bracket bolt«d to the m 

■f™' of (jj^ ">e framing an arrangement scarcely in accordance with the generally luhlanlal dm- 

W^iT- *'^ (h* 1^ P""* Of tbe upper end of the spindle is fiied the strong apur-FaDkiii ( I, whii 
tfio h!f "Wt i^ c'S* mortise-wheel u», surmounting the second vertical shaft y ;. On the ItwBBiJ 
brtdj™^«ontaJ L ^ ' bevel-wheel u w, which in like manner geers with a luge mortiae-wheel ■ e en 
"Dir ST ' *' wfai if ■ ^' "■ Tt* foot of *« Bocond vertical shaft is carried in a step supporled bj i* 
^^^.'^een* L "* ""niod on the aole of the frame, audita upper end worfa in a pedestal-bearing re* 

ra/iuj '^W^CtaT^ "WcAins. — From what has been abore stated in reference to the particular fuDttims ol 

tvifT *" * ffiv^ " " ^*^ *" underBtand the general mode of action of the machuie. The sluice bmf 

^ '"b ''irectir^" ''^■Sbt. d[etermined by experience, the water paascB through the compartmeuls famftl 

r'™eDM of -_^°-<=''rTCa d d oa the mat^'n of the crown, at a determinate angle to the plane of the da- 

"■^p and ti,^**® torhine, (with a velocity proportional to the square root of the height of the impeUin 

""ersely cm^^J?™ '""' "^ impuleive force directly as the height of that head,) impinging sgiinS ik 

'''""'Sctioo -w^^ 2^ hollow faces of the turbine-plates. TliBse recede from the impulse, and ft«n il*" 

'^'sfroDimA central shaft o, a centrifug'al forxM is imparted to the water, which cauiis it b «■ 

^"^ »e[ocit-ir '^°^^, "f «»otion, and escape outwards, with a force and velocity determined bj ttew 

i»rtnienta r>f th »"'* »!;'"' '^"' "" consequence of the increase of preasuro thus produced io lie o» 

"^afereticiM -^^"i^ ■ * ^^ ""^ centrifugal force, and the eonseqaent greater velocity of ese»pe U a* 

" iacreaso erf-' n«»ir^>f™""" of reaction i* added to the impulsive foree of the fluid, giving Ihfftbj 

*» the volamo of w« '™" this is to be deducted the power consumed in giving toWtorj moua 

due to the <:*sratrifiigilicf -^P*""^^ by the machine, and which will be found to exceed the aamol 

lAtn-aZ JU/emcet, 
f> (be sup|>1y-pipe bolter] * _j 

"- the watoK— dstem or bort * l \mm, a central spur-wheel giving rnotko as* 

* e, tbe cvir-w-ed diaphia^it?' " "■* •""cbine. ) taneoualy to the pioioiu. 

«<< tbedire^ction-iSat^c^ turbine. | n, the beriEontal shaft by which the nmtim ii o» 

J the turbiise-plate or aT ■ ^''^ crown. I yeyed to the interior of the betoiy. 

f> the cro-wn, formin,, ^f" '"'«- I o, the spindle of the turbine. 

w^ster-cist^m. effect a bottom to the \p, the worm-Bpindli! by which the sluice is ««« 

f. the oowor of the watai. - I from the interior of the factoiy. Ili»«elBi« 

*. cotter aDd jib for sdir^-*®™-, I oblique pooiti™., on account of the warn b« 

, Central spindle of th^ ^? footstep of the j made to work into a spur-pinion, the snjli " 

' i, the, foot-bridge ouwh^ v ^' "■« spindle compensating for tbst of the UbwJ 

■""-^■'-■to -wertieni aninrfi - "tep of the inter- j of the screw, which is thereby brought ratkiDj 

"o^ of the m.^! "_5^** . _ I to the edge of the wheel 

g, the intemiediate, or secaad-nwCiai 



e ceasi..^ of the i^^J? S?^** to the edge 

^ suBt»i>,7i;e cro-Ji,^'"'P'°dle(^servingalBO tolj, the '^^ 

*i* */ ^""^ ^P^-»[„^''!!??'r'P'»'«'. |r, the cover-ft«me of the sluice-geering. " -W* 

the «Jiuoe-r-oaa y^^ «^^w with " ""'* "^^j *™ formed the upper bearing, of Uk p«w" 




™™ii.fwt— Fig. 3678, vertical sectioa of Ibe turbine throngh *,Rrf.^Li 

I^levition taken through C D. of Fig. Se^8. Fig. 8674, honzooUl ««"» 0"^ 

The aame letter are used for the same parte in each of the three fig<^ . . 

ailed tlie turbine ; 6, shaft of the turbine ; c, block or Btep BUpporting tbe vm. 

lurbiM. suppUed with helical curves- which serve to give to the fluid ^"^ ''= ""~™ 

3 of the turbine ;/ upper channel; o. lower channel ; A, Bluieo of *''« '^Tr^n. 

the turbine M,eluiceer the canal /; *, Hoal ; A upper coU*r of the ah»ft !.-.«'? 

.___,_..., .,,.,.» ■■ a supported l>y another cciIUi,»M"' 



n, bevel-wbeels and shaft of t 
;ured to the rapport m. , ^ 

-sents the water of (he upper channel/, in comuiunicatioD with the lower diMiDel J.l^ 
Kuide d, the turbine a, and the case e, which may properly be called the *^J^ 
•y passing through the turbine a, that tLe water improBSes on it a rot«ry BOieiM^ 
icatedby the arrow o', Fig. 3674; a direction which would be inverse if 1« P'™' 



TURN-TABLE. 



■n add? in the interior of » cj^*^'*^ effecta of the centrifugal force tbawOmsdnimM^] 
ucoTiax to the different >™=»^"?"„^>?« projections or orificea made on the dreumfenoct 

"InFiB 8613 the OTifices are AepOB^ in the direction in which the centrifi^d (bn* an 1«(M» 
ance the expenditure of water. iCiua tbe coefficient of theoretical expenditure due tothew«i,diik« 
the eipcriments on tbo turbme whicn i constructed at Bourses, has been found raj lillfc diflmttho 
th»t wliioh agreeB with the openings 01 ordinary sluicea dispoeed so a« to avoid cootnctno oa lbs rf 
the sides. The wheel which turned m -Worlt, with about half the Telocitj due to the U], mxI 1^ <» 
effidaot, wee 0-70 to 0-19. 

^lanation of the tn^ravmgi of f^aaaof, Turbiiie, a be. Fig. 3877, pUo of tbirtwBl; ABd 

fixed bane of cast iron ; M N, coter acliog as a gjujce to regulate Uie expenditure of »»!«; po.btel 

of wood carrying the step o! the arbor or ehaft ; E V, male and female screw, serriiiff ' '-•- "■- 

cover by meanB of the rod T (, p"—"' *»— - . , . ___.._., "S 

^atemby meana of the pivot, 




M. Poncelet, adopting an arrangement the reverse of that of M. Foumeyron, hag proposed i ipteo 
o( turbines of the nature of the horitontal wheels used in the centre and south of Frauce. The ma 
enters by a spout placed on the outside, stretches die vanes, and is discharged by two opening! nui 
towarda the centre. M, Cardelliac haa constructed at Toulouse turbines on this plan ; and Mom 
Hellet and Sarrus, of Lodeve. have exhibited one with the same arrangement The principal jaitof 
their turbines consists in a case of particular form, provided with three openings, of which cue is 6i 
the water to enter, and the two others t« allow it to escape after its action on the wheeL In ea>» 
quence of the apiral form of this casing, the water arrives on the wheel placed in the interior wilboB 
any shock, and with a velocity due to half the height of the fall. Each of the«e veins or«tre»iM<< 
water acts at the same distance from the axis, as if it were isolated and independent of the other, lu 
velocity is transformed into pressure by insensible degrees, and without any loaa of power. MffiHi 
Mellet <md Sarrus have already put up several of these turbines in the south of France with good tfr 
suits. They come cheap. One for an ordinary grist-mill cosla £40 ; one of 1 2 or 20 horee-pnrer, iteD 
finished, and of good material, £120, 

There was at the Eiposilion another hydraulic machine, which the maker, M. de Lamolere, ab > 
piston-whceL This machine receives water like a breast-wheeL The water, brought by mesas rf » 
pluDging-fim, fella into a bucket, where it stretches a wooden valve, fitted with feather. Il p»w> 
through this valve, wMch is followed by a second also. These successive valves tura.horiiaitil Aif* 
which then give movement to the msc&inery. See Jonval's Tubbinb, in article WiTxa-Wama. 

TURN-TABLE A contrivance on railroads by means of which the engine or caia may te tanwl 
round This is effected by excavating a pit under a porUon of the track, and laying in the boUcm ol 
this pit s cu-cular Iraok upon which a platform, supported by friction-wheels, is m^e to revolft A 
groat many plans have been devised lo effect this object The foUowine is the method of omitrartiK 
the irrai turning platform used in England. 

Tb^e tables are thus constructed : oo. Fig. S680, is the surface of the ground whereon the rul. rf 

the railway are Uid, a circular ho e being dug of sufficient depth lo receive the laWe -, around thi^lup 

stone blocks flfl similar to the railway blocks, are placed ; upon these blocks eight cast-iron chain, IW- 

rraented at 6i b. Ac, Fig. 3681, are pUced, and pinned doVn ; a circular ri^ of cast-irxi « i. Wd 

within these chairs^ about two jnchea and a half broad at toji and a httle b^elled ; thi,ringi.lul 

perfectly horizontal and upon ,t the small bevelled rollers j y^, Ac, revolve, the annL 1 . 2, S?* i** 

as Mies to. hem, and around the ends of which they turn ffe^fj These amis pass lhro,^.m?rf 

iron near the extremity, whreh keeps the rollers constunlly in their proper podt^ the arisire W- 

ened m _^e ^"nlre to « nngof irm/ which turns freely raund the J<ti^f\mg. 8680. Tbs tnnml* 

^'"'JilT ^ ,? r^ , '™ ^°' ""^ purpose o! causing it to tun! mnnd as freely as poribt 

JV- 3883 shows he framework of the lableT hWl, A^. arc th! outer rim; Hi L arm,/s»iU-lta 

,?™ ' ^pT'-H^ L?v of .h '^i' ''*"'«'^'- 55 the ring of iron cc *, and which resto c«. and turns ™»d 

^^',h .^hlT^fl^nA^ '"^""^f^- ^° ^t-le^ kept in its place by the vertical spindle/, liied 

upon the table at e, and tummg witli it upon the rest «' !■ J • ■" 

Tie table it will therefore be seen turns round this rest as a centre, and revolving upon (he peril^ 

W^in?f■^,^ffi^ H^ '^"i'f"^ above the level of the arms ii and the inner part of the ringi'l', 
Me^l^ X.«n1^.h«*^t "° "^ "".^^ " ^'<'- "^""B "J"" ""J 6urtened to ET arm- i ijL U. 
holes being shown in the figure ; upon tbw platform the rXof the road are placed, -a, fig. K80, 



TWIBTIira MACHDTE FOR IRON. 



— ^E ^?-_^ — , M».i^ _. In n>niiira no fiirtber deocnption. 




,1, „p ;;i "' "-"-jIS, to *»!!» "" 



-^WTSTINa MACHINE FOR IRON — M«i.ijmo'b. The great ^'""^^„~^ih a^- — ^^„ 
^-^tc^mxioSBaeitj of matter in metal surfiM::es over which heavy loads are pawed, ^^~^,aaeiicy "^J j ,. 
._.^^jl.JDK roOTement, ia obvious ; and by a very siniple procew a vaat increaw in 

5^»-:i-«" "PO" articlea of thU class as ^vell as upon various oti '"" "' 

_^i^-tx>Q-roiU. In Bhafto. for instaoce, ^vfaere the masa is built u, 
^^«»^»'>t oecurrence, through imperfect Tveldo ; and where the weld ii 

*a-tm*-»t'il"y ■« ^oerally tte resulting- effect of the parallelism of the fihre. -WorsA "■■-i.^-, 

•X'o ovareome this practical mechanical difficulty, Mr, MeUimr. of the iUuibiU "V^n or other fOfgW 
^ proposed to twist together the buodles of constituent bars which go to f"-™. ?^fo^ the M>9»2°? 
Jjarge ate, and for this end he has devised and introduced the machine wbirfi lor^ ^^^ therefi«. 
^m**- ,fi8"^^ ,Tlu8 oiachine has now been in operation for a cwisidenible period , "■ 
E^l^- "''iar'S''^ " " ""'^''J;' but as a valuable ^rkshop acceawry. ^ ,,-, having t^ ^^^ 

^^^^"f^^ driSfn '^°'pl«t« longitudinal elevation of the machine in worktoff ?™t^e view •« J» 
b^^^J^ ™""5 P««™W removed to avoid obscuring the twisU.^ details. /li^t^foiacWne. 
^j,*>:^ J^HflT^'*^ "° "*'?*' *^« »>*™ "-de-- treatment are coo^yed to and &«« '^y^ vie- » <« 
^-,^^BBa isacorr«p™iding plan, partly in section, showing llw driTing geeiing- J» 
Tn'^Jr^- °fP^i'>e througrh the twisting rollere. 
an end view, looking upon the deliveringr^Uera. 



deficicn*^ « 



Fig. -> 

S«8» 



r- 3S8Tb'^rnt°of'^/^^jr**^'fi<=»t>or. of the deliverir.t, .. 
8691. 3882. :irtQ« v!f"F "^"nd the a^i. -^r'iL r^ ™. "^Uers. eW 



itfte«*« 



;sllgl"I"- 



ism ^I,«De« the revolving mo^ °^^„^« A'^* «r revoY5irur7etTf^"™«- «,ito*»^' 

Kgs. S«0O. S691, 8882. 3898 Segi '^""'* *">« aii, of the twl ^"""' =*^^ •e'""^- - 



lecuJiar r 



afta XT ca-rr-y 



9vheel G, 



"T,""" o, cast in oqb „■ " 









">• ftont of Hi, pl,l«» 



7S4 



TWISTIITG MACHINE FOB IKON. 



iiiET>»T«iiuradtoiuilthewoA,tbo Upper being driven &t>ro the lower ooe by the^ofprnrnti. 
rai the opMBite Bide ot the rolUr*tti»<aard9 i fi. In the combined views of the machuie, tlie prewn 
apon the upper daliTering roUer i» represented as obtained from the weight c.adji^t«Ue«itbalii( 
lew d having Aa fulCTuni at «, md presBJng upon the ioumals of the upper roller by the two spuidla// 
CraDe-power may be applied to raise or losrer this weighted lever, by attachi!]^ a chain to eilher nf Ibe 
two loops fonQBd tor tie puipose, boUi oo the weight and on the lever. In ¥ig. 888B the offiu o( tla 
weighted level BrepreMnted as supplied l^ a pair of adjuattog screws preasiog upon the upper mllo- 

aaee. 




The bare to be operated upon are brought from the furnace in the carriage oo, nmniiwnpto to 
wheels on a tramway. The body of this carnage carries two brackets aupporting a cross-alS, coirtiti 
are twD puUeys A A, employed for the withdrawal of the bars trota. the furnace The puUeT-daft ■ 
worked by a short winch-handle, ae in Fig. 3686, and the enda of the two chaias, coiled od thenillm 
are attached to a box which la slipped over the bar whilst in the furnace. Guides are sUsdwdlTi* 
carriage at i i for the support of tie bar or pUe of bara to be twisted ; and to admit of their fiw mo- 
lutioD they aio turned on the outeide and fitted into tbe caat-iron rings, bored to corretpwd. Itae 




m 






bearing-rings are put together in halye^ „d are earned upon a pair of parallel lonritudina] 
„«l.d ,ilj lb. body of-a. eamage. , Ihej may be .tapl^o.Sded & . iZT IW, 
receiving Iha twisted bar, aa delivered frcan the machine, k at Ton the oDotBilTer d.dVeri™ 

o of th_ifl latter ]>a^ la wessed hard down upoD ,t. so as to prevent it from t,™:,.,, R„!^..,.,. 



receiving the twistei ^ 

ia notliing more thao a semicircular iron trough, mounted ui 

These general details will afford a prettj clear 
lines mc '■" '—-'-—■• — -- 

ODO of tniH latter jib" « picoMiu imra aownupoD it, bo as to orevpnt ii fmn, !.,.».■ n ' ii. cU-i 

beld at this er.d whikt the ailer portion is ca,!ried round W th" Tvote^ it H^ ,^V* f'^^l 

^e place, and bo the «mu taneous revolution of each pJ^nZ' 

- - =B preserved perfectly straight, and an even and reijiiiar ■ ' ■ 



n aisa carry forward the bar; 



_,o9ea. aim w"' reason that idsuperable difficulties would present *them«.Iv« i„ ."t; ' ,■ " r ...■' 
^ixxe, from the fcnown mlracUbih'tj of irwi when mibjr-*-' ■- '-° - ""* "'''""' °^ ^' 



originally sop- 

ion of thi. ma- 

tlUB treatmept, which can only be litaiad 
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VELOCITY, VIRTUAL. 



their 



Fig. 8696, repreeeots two shafts pas^g '^f'^'tJ^'^^ f *^^„f ^^^c^S 
tnei? lower en^ cross-pieces or stoF^^, a°d <>n their tope ^^^..^'^^^'t^^Z^eB, The 
opeiute OD the hooks, Jd is the contrivance for connectiDg or ^^^^'^^^^^^ ^^^ 
operation is as foUows : On startiog tb^ e«gine the mam vaJve m ^^Z**^^^'^ 
it is seen advancing, the steam passing into the cyhnder through the opening «i ^^.'"^iXroctes 
the valve carries tSe hooks alon^ with^'it, they in turn operate on therocke^J. ^'^^"^ ^^^ 
being midway fix>m end to enc^give to the outer ends an accelerated '"^V^^'^^^'t^'j^^^ 
acting against the catK)ff valve (Suses it to advance towards the mam valve m witu twice ita reuxaj, 

3006. 




so that when the piston has arrived at half-stroke, (or any given part thereof according ^^J^^ 

valve,) the cutoflT valve has overtaken the mam Valve m and consequenUy dosed the sfeaffl^pao^ 

«o as to prevent the ingress of any more steam to the cylinder durmg the rest of the fltrofce. ine 

nooks a only operate to cause the cut-oflf valves to follow after the main valve, and close the s^ 

openings, the main valve on its return pushing it back to the place of starting, as seai in ^-rVl 

ine cut-off can be disconnected at any time, either during the working of the engine or when at r»»^ 

means of the parts h i which connect with the stops i/. When in geer the stops g «tand paralld to tae 

'Mwks «, as seen in Fig. 8697. 



3697. 



3898. 








[ 



o 




o 




cnZ) 



o 



o 



Iix disconnecting, the arm h is moved towards the pin near i on the top of the steam-diest ; this cum 
the «nd of the stops q to press apart the hooks, (as seen at Fig. 8698.) which prevenU them from op«- 
**!2g ODthe rockers b. The springs e force the hooks into geer on removal of lie stops. Fig. S696. 

The principal Advantage m this arrangement is the manner of connecting the cut-off valves with the 
ordioaiy 8'»de-valve and operating the whole by one stem or rod. and a single external connection, with 
the abilitv to unhook and put on the whole force of the steam at any moment, whether in motion or rta- 
tionary the whole combining cheapness with little liability to get out of orda. 
^^Ji^JiSS^''^ ^'""^^ ""^ ^*'^«« in use. see Engines, vlaiB^ of- 

V^I-OOITY, VIRTIJ AL. Virtual velocity, in mechanics, is the velodtv which a body in equilihrinm 

wouia actually acquire during the fi«t instant of its motionin caae of She W^rinn^ingltobed. 

The general principles on whidi the kws of equilibrium in machines i^eTtabSm^ be reduced 

to three ; namely, the principle of the lever, the principle of the o«>^«^^ .^/^r^^ principle 

ofvi^it^veloctttes, tLc last consists in this, that forces are in eqna^urwSeffl ^ in^tli^^^ 

ratio u£ the virtual velocities of the points to which they are appSed/eKlS^KSoo in whidi 
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t^^ - - - _ --each division c^ — ^ ^ ^ ^ -e lei^^^^^^^ 

, ^ *• -^ into n equal y^ — ' '«niie|. s-V^^i) 

- , *** *Ke di&<^ . • « on the Bcale aiwi " "' 







ittediv.^^^ into n equal parta, 

'^'^ „«be*^*^et«''^'^^ ***^« with the first after A on _, y^ ^ r^^'^^ith'^i'^ 

^.^r^-^^^'^reuce."'*^'^*--^, InUice manner, the next LBeaath^^^^J^ 
Vi ^ ^''^ ^y a quantity " ^ ^^^ a,, difference of the divi^ ^^^u ^ 

0-« "^ ^^et ^ <^^ ^*^4 the third on the ecale by ;^ ;«"<»«» «m to tbe ,4 diri^™^ 

"^^ °" *' '"«iU fiJl ''*'^'* ***^ '^tt on the ecale by y = J *^* ^ '•y » ^hoJe d.>ii„ . ^ ^ 

vernier, ^bi<* "'^^ ^^cr c^^ci^e, with the diriaion « - 1 on the 8«da Conceit a,^tobe. 

fore <*»« •***" "^ ^ eupP<*« ^* divided into tenflw ; then a = 1 ««*. » - 1", - =^ rf«,i^^ ^(^ 

,«le of tacbefl. ^ 3j,igioO <H» the scale and on the veroier) = rir ! "o ^at the ^a. «f „ j^ j, 

difference betyt^g^ale, *°"f '^^ diyisiona are only to tenths^ ^^ . 

t^ibited oo.^'ifWn****** r"*» the scale in such a -^y ^*^^^^^J^'l ^?'^ "^^ 
The 'yerwer » J- t-ngent-acre^ aimilar oontnvance, ana ira zero oe broqght to cnocide with 

,^^d pinion. «*» 7*if, when^7 ~S"'S"^„9 adjusted, its 2ero coincides eactljr with . dirisiai 

^y point on the »<^^ ^ re^H -S J®^ ^,tit (afl must generaUy happen) the zero Wis befweea 

^^t& scale, the "»«»»°S. gcale ^^ ' ^ ' ^f thelines o^ the vernier will ooinddei « tot nearly 

t5^:*^f the ai^^rof S'*diS«*^'*th^':^rand ^he dSance of the ^.n> be^d the'lsst ^«ioo ci 

Sf ^ete^aS ^;rn?::it Fj^^oSETr:' thJ .^Sn ^e veS^r is brought », coincide ,iaJT«. 
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tain point p on the scale. The point p is read on the scale 29 inches, ^-jOth^ ^d a frMta^ wh^ 
to be measured by the vernier. Here'^the division 6 on the vernier coincides wi^ tbrt wtoA a m«W 
7 on the scale ; therefo.1 the distance of the zero of the vernier from the h^t dms«« («) l^it » 
Uie scale is B-lOOths of an inch; for as 6 on the vernier coincides with 7 <» *« ??i*;. '^^J^P?^* 
from 6 is l-lOOths ; of 8 from 6, Z-lOOths ; of 2 Irom 4. 8-lOOths ; of 1 from 8, f-KW^j:"^ "^ ^."^ 
5-lOOtha In like mwaer, if the vernier were pushed along tiU the division « JT^ded witt M «d« 
on the scale, then C^Sing of the zero point would be 29 inches, 2-10th8, and 8-lOOais. V. w^ ^ 
zero is brought to oldde 4th », none oFthe divisions on the vernier ~'n«de ex^^ay witt. a din^wn 
on the scale ; for e«^pie. if the 6 on the vernier should be a little past the 7 on the scd.^ !?f,^ttl 

UD to thn H ♦>.„ _.^"1" ' ij I . , ,«/%.v J a inml^. h.nt ita nrecise amount CODW flOlT 06 
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stated ~ 
greater 




;? 4 w \i : " *"uths or lo-^uutns, out less man ii-zuuuis; anu n "•<- ""■>- — rr-— -- _. ; 

6 to 7 the distance woTld be greater than ll-200th8, but le^ than 12-200thB^oT 6-lOOU^ ^Z^Z 

ca^e the lunits of the uncertainty must be confined within a distance = l-200Ui8 of an rncL In ord«r that 

^t^^'^^^dences tx,aj be observed with greater certainty, the divisions are generally rjad ^^^ * J^ 

anrf V^„ T"*^'' *« equally applicable to circular scales as astronomical cu-cles; it is ^^«°^<^f*^™' 

^d ZTl """"r^ <=onLt/c w^S, the limb of the circle. Suppose the limb divided into inter^oH^ 

anci let « == iq. ^^ ^^^ ^^^ ^q divisions on the limb = 100' = a ; and the length of the yemier 

C"^** — ^)===lO0'— 10' = 90'; which, divided into 10 equal parts, gives 9' for the lengthofadiTi- 

*OTii«r ^M®"*^^'-. and consequentiy the difference of the length of a division on the scale and on fte 

'aorG Dii^.1 ' '^^^ aro» therefore, can be read to minutes. But the reading may be earned to mod 

eml>raciiM/ a .^^^ntities by increasing the length and the number of divisions on the vemicr. }^J^<^ « 

"« » intervals of 10' on the scale, let the vernier embrace 59 such intervals, and be dmded into 

60 eqcial r^u^ . ^ ^ a 600' T 

^^„ parts. We have then a = 10' X 60 = 600', n = 60, n« = 8600; therefore, -. = ^=g= 

Jn't>aroii!«**** say, the arc may be read to 10". 

"■^ ; the V *^^ where a considerable degree of accuracy is required, the inch is divided mto 20 equal 
ernief is made equal in length to 24 of these, and divided into 25 equal parts, lo this c&se 

- H«.ve tg .25 ^ 1.25 

r-_ _^ - 20 ^^ 1*25 inch, n = 26 ; therefore -s = -rr^ = 0*002 ; bo that tho vemier gives the rctd- 

"'S^ to 1-COOfK M^ ** *"*' 

^"Oth of an inch. 
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iren 
time of 



,^^ 1-S6 minutes, andfor tJie ^^^^ paioted surfece, 1-28 nun"te«. Thmnba_ 

for the won nirfece, 1-^ ^^^ ^Qg^ . b^ut, a^ the Velati^e heating eflect is the m^ene of tfu fa 

the proportion of ^""'^^^ iqq feet of vamUbed pipe 108* feet of plain iron pipe, or 106J feet of in* 

cooling, vr^ ^l^^'^^ixi each produce aa equal e£cV ^ , . ^ t„ r 

pinj, painty ^5^!!;J^ or ^ch w are roiigbl„ed by emeiy, by the file, or by djuwing f^jb/.I^ 

Whed Bu^^ or their radiating ppwer con^dermblj increased. But, according to MeflcBj ik 

with a Kra^*;*? ^i:r£U merely acts by .lUteriDg the supeifecial density which ^^?^^,^ 

joughnesB of ^Burft^ ^^^ previous tothe alterktion of its Burikcc by roughening^ ThefoD^ 

^y " "" -^.^wL the data for thU cor^clusion : MeUoni took four plates of silyer. two ?f wl"ch,jbo 

H^expenment gives tne without hammering, and the other two were planished to a fe^ 

caat, were left m their na* nlat^« «.«. *!.-.« 5««W «olished with pumice-stooc iod daicMl. 



emeiy papexB 
plates 



Hammered and polished plate 10° I Cast and policed plate li'^ 

H^mtred and roughened plate 18° | Cast and roughened plate 118 

Thua it annears that the hard hammered plate was increased in radiating power foor-fiteby n>ogli«- 

^^ts s^^crwhSe the soft cast plate loSt nearly one-fifth of its power bjr the same P™«»v 

^wK W^Hxposed to a source of heat, a portion of it is absorbecf, and ^\^^r^^ 

t^rhnent^UnLt the^rptive power of bodies^for heat is precisely equal ^^^^^^^''^ 

^^\^^iup^^ coW ha^ great influence on radiation and absorption. ^J^Jf^'JP^ 

"iTr^d suK^ the heat of the siS, their absorbing power was in the ^^^'^^'^.^'^^^^ 

rnJn red, yellow, and white. Hence it i^rould naturally be expected <hat the radmting ^^^ 

fe7eutly^lored bodies would be in this order, and that by painting a body of a dark c«^« we ^ 

bS^ase Z radiating power. Such, however, is not the case, for the ateorption and mdittioo ofm^ 

heat, or heat without light, depend on the nature of the surface rather than on color. ^^^ 

The numbers which Represent the radiating powers of different bodies for invisible o^ ^^^ 

heat, or heat of low temj^rature, evidently bear no relation to color, for lamp-black ««^;^W^ 

a^nearly equal; Indiaiiok is much less,'' and plumbago still less. A ^^"^^;^^f^^:'^i 

a paste of chTalk. is affected by invisible heat even more than a simdarone coated ^^^ I^J^V?*; ^ 

thSTresult does not occur when the heat is from a luminous source. Thus it was fo"°f^* J^ ^ 

spirit thermometers, one containing colored, and the other colorlew alcohol, ^«^ "J«*~„^L7; 

tte colored liquid rose much more rapidly than the colorless, but when they were botfc plunged mto. 

vessel containing hot water, they rose equally in equal timea ., ^ r j-#;«« Rv«mdtt> 

The propagaSon of heat by conduction is a%eiy different process from that of nidian«L By«wto> 

tion. the hSt travels through or among the particles of soUd matter, until tiie temperature of U»e ^^ 

in contact with the source of heat is raised more or less above the temperature of tue »^ T^."; , ■ 

b communicated to a fluid body, the process is different In consequence of the f^* "^ J ™ ^ 

particles, those which first come under the action of the source of heat, being raised ? tempenwurej^ 

^pe from its influence, and ascend through the fluid mass, distribuUng ^J^^ion of their wqutf^ 

ai^ng other particles on its way; other particles immediately teke its P'«??.'^^„*^'°f.°^S^ 

in lik? manner and distribute their heat. By this process of amveettan as itis <»»«i^**'^^ ^ 

particles in a confined mass of fluid come under the action of Uie beating body; those J^^TT^ 

cape as far as possible from the source of heat, and becoming cooled, descend afi:ain to ^^^ 

uglin to ascend and descend. In this way a circulation b maintained m ^^^ J^^^^fT^'.^T't^ of 

It is only by this process of convertion that air may be said to be a conducting body, for « »rr 
air be coufinea in such a way as to prevent tiie free motion of its particles, it ceas^ *V5"*^!Xm^tbe 
conduct heat, and maybe usefully employed to retain heat; as in tiie c^\?^,^*»X^r^Wd. « 
inclosed mass of air prevents the heat from escaping from the apartment, and shields the gaaa 
in contact with tiie warm air of the room from the cooling action of the external air. Accwri Dg ow 
experiments each square foot of glass will cool 1-279 cubic feet of air 1° per »»»"»«. ^*'^^ qC 
ature of the glass is !« above that of the external air. This, however, is in a stiU atmosphere^" 
is a veiy bad conductor of heat, and the cooling effect of wind upon it is not so great as isgenew. 

""iSkfs differ greatiy in their heat-conducting powera. If gold conduct 100 parts of ^*»-P^*'°ll!f 

conduct 9810 parts; silver, 9780; copper. 89*82; iron. 87-43; sine. 8680; tin, SO-89; lea^. ij^- 

marble, 2860 ; porcelain, 12-20 ; fire-brick, 1 1-40. The slow conducting power of such bodies m p«^ 

lain brick, and glass, may be contrasted with the rapid conducting power of some ^^ J^^J^^A 

holding one end of a piece of each substance in a flame ; the metal will soon *»*?™® 2S?# iJ mach 

hand while the porcelain may be heated to redness in the flame without its being foltto ne m»" 

warmer at the other end. A practical application of this property is also to be found in the ni»»nw» 

of close stoves for heating apartments ; for while those in which the outer case consists of «>PP*' 

iron receive their heat quickly and part with it quickly, those which are lined with bnck >n«*»"7 

with porcelain receive their heat slowly, and communicate it slowly to the air of the apartment *o^ 

however, depends on the thickness of the metal casing ; for, by increasing this, it will, of oooree, rettm 

i^ hunt lonxrer. .. .. _j 



its heat longer. 



conduction, and the rate of cooling increases considerablyin proportion as the temperature oi »«'"". 
body is greater than that of the surrounding medium. We have seen that the cooling eflect ofr8fl» 
tion depends greatly on the nature of the surface ; but it is a remarkable fact, that the cooling «»«« 
the air by conduction has no reference to the nature of the surface; it is the same on •^*""^"*i 
and in all states of the surface of those substances. The air in contact with such surfaces robs them « 
a portion of heat, and immediately asoends to make way for other portions of air, which repeit iw 
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n«« «iAAod of estimating bow much o^^^o Heat of a common £re is radiated ajound it, anl bow mock 
SfmlT^with the smoke, U to aUow all t^e radiant heat to melt a quantity of ice ooDUioed io t to- 
!^r^^ Jdinir the fire, and all the heat of the smoke to melt the ice in another ve»el mirouodisg the 
!Sm^ Bv^oomparing the two quanUtie^ of water thus obtained with the ^aanUties of ioe meM 
tTx^U C fo^id according to Dr. Arnot^ that the radiant portion of the heat is, in ordiDuycMefl^ntber 
leZ Ihan the ccJmbined. or less than half the whole heat jSoduced. 

The BDCcific heat of bodies has been aetermined not onlj for equal weights, bat also fareqmlTol- 
nes. andthis is called their relative heat^ which is to the specific heat of any substaiioe directJj u iu 



IdJ^c gravity. It may be found by >»^tiplying the specific heat into the specific gniTity ; wl c» 
reraeW the specific heat may be found t>y dividing the relative heat by the specific giBTily Novii 



the quantity of heat required to raise Uie temperature of 1 lb. of water 1° is sufficient to raise 1 lix of 

^ «/ro — «-«^ fiiftf thft ftnpoific he&«L ^f^ :- i taking water as unity; and nioe the ipe- 

r^ative heat of an equal volume of this metil 



mercury 80°, we say that the specific heat of mercury is ,y, taking water as unity ; and nioe the ipe^ 

cific gravity of mercury is about 18 6, it follows that the i^i 

is,VXl8C=0-468. 

With respect to gaseous bodies, it has been found that their specific heat is invereelj as their spealic 

gravity or density ; and, consequently, equal weights of such gases contain a larger quaotit/ of heat^ 

less their specific gravity. The capacity of atmospheric air is taken as the unit by which to estimate 
the specific heat of gaseous bodies; but Bometimes that of water is assumed as the unit, and then the 
capacities of mses are comparable with those of solids and liquids. The latter values are obtained bj 
multiplying the former into 0'2669, which is the index of the specific heat of atmospheric air compared 
with that of water. 

The following table shows the specific heat of various substances referred to water as the standard, 
and are supposed to represent the quantity of heat contained in equal weights of the seTerai sub* 
stances: 



Water 10000 

Aqueous vapor 0*8470 

Alcohol 0-7000 

Ether 0'6600 

Oil 0-6200 

Air 0*2669 

Hydrogen 8*2986 

Nitrogen 0*2764 

Oxygen 0*2361 



Carbonic acid 0^210 

Carbonic oxide - 0-28^ 

Charcoal 0'26Sl 

Sulphur 0-lWO 

Wrought-iron (MIW) 

Mercury 0O330 

Platinum. <>0814 

Gold 00298 



The method of ascertaining the specific heat of gases is as follows : — ^The gas to be examined is veil 
dried, and then brought from a vessel, surrounded with water at 2 12°, gradually through a spiral tube, 
surrounded by cold water, the gas escaping through the opposite end of the spind. In the course of its 
passage, the gas parts with a portion of its heat to the cold water which surrounds the spiral, and the 
temperature of the water gradually rises, until after some time it becomes stationary. The equilibrium 
Uius established between the water and the gas is measured by a thermometer, so as to find both the 
rise in the temperature of the water, and the fall in that of the gas. If the experiment be made vith 
some other gas, and the result should give a higher temperature to the water, then this second gas ma»t 
have imparted to the fluid a greater amount of heat than the former one did. If, on the contrary, the 
temperature of water be less this time than before, it will have given out less heat, and the respectiTe 
capacities for heat of these two gases will be proportional to the temperatures of the water throi^b 
which they have been admitted. The capacity of atmospheric air being taken as the unit, the specmc 
heat of other gases may be expressed by proportionate numbera To raise 1 lb. of water from 32° to 
212^, requires the same quantity of heat as wdl raise 4 lbs. of atmospheric air the same number of de- 
grees. The specific heat of air is therefore i, or, more exactly, 0*2669 that of water, as stated in the 
above table. 

When heat is added to a solid body, the first efiect which marks the increase of temperature is tx- 
panHon, At a certein point, however, the temperature, as marked by the thermometer, becomes sta- 
tionary ; and although the heat be continually applied, the temperature does not rise. TTjc solid is 
now undergoing a change of state ; it is passing from the solid into the liquid state ; and no rise in tem- 
perature will be observed until the whole of the solid has become liquid The point at which a body 
begins to fuse or melt, is called its funing poitU or paint of liqw/aetian, and is di^rent in difierent rab- 
stancea The quantity of heat absorbed by the body, and unaccounted for, as far as the thermometer ii 

form 

_ „ The 

heat absorbed during the process of boiling or ^ik^rizaJ^^'^^ t^ ct^ed ia"tent 

In the following teWe, the melting pointe of a few substances are noted, together with the qnantityof 
heat rendered hitent by each in passing from the solid into the liquid state. From these and other re- 
sults, it may be seen that, m general, the higher the point of fusion, the greater will be 




heat absorbed »J^^q"«J»f ^ion. There is, however, no proportion between these eflfects, for iceand sper 
maceti meit at 32^= and 1 12© and yet the quantities of h^t rendered latt 



greater will be the quantity of 
I these I 
latent are nearly the same. 



Water 

Sulphur .... 
Spermaceti 

Lead 

Bees' 



Melting Point 

. 82 d^greea 

.218 • 

.112 

.612 

.160 



u 



littlsntHwL 
140 degreea 
148-7 « 
146 « 
162 « 
176 • 



TU 



war:m:ing and ventulation. 



TMnperatare. \ FofoeofT"PW in 
Fmuranliclt. 1 Uichei of mero^iry. 



40 degrees. 

42 ** 

44 

46 * 

48 

60 " 

52 ** 

54 « 

56 

68 

60 



« 



0-263 degrees. 


106 


•283 


M 


1-18 


fti)6 


t* 


1-22 


■S'il 


M 


1'31 


•861 


U 


1^40 


•376 


It 


160 


•401 


M 


1^60 


•429 


M 


Wl 


468 


M 


188 


•490 


« 


1-96 


•624 


M 


210 




The amount of spoDtaDeous eyaporaiion is also greatly influenced hy the ouantitj of yapor alreidf 
existiiig in the air. In order to find this, we must ascertain the dew-poitU of the air, or ihe tempentme 
at wbidi the vapor in the air hegins to condense, and then, bj referring to the table, the qujuititf rf 
vapor in the air at the time can be found ; and this, deducted from the quantitj shown hjihB iM^ to 
be given off at the ascertained temperature of the evaporating liquid, will give the quaotitj ci water 
that will be evaporated per minute. In finding the de^v-point^ we must bring some colder bodr ioto 
the air, or have the means of cooling some body to such a point as shall fust condense the raporof the 
air upon its surface. Dr. Dalton used a very thin glass vessel, into whicn he poured cold water Gmt 
well, or cooled down the water by adding a small portion of a freezing mixture. If the viporwu in- 
stantly condensed, he poured out the cold water and used some a little wanner, and so on, ootil Ik 
could just perceive a slight dew upon the surface. The temperature at which this took place w$» the 
dew-point In Daniell's hygrometer, the cold is produced by the evaporation of ether. Now tappoK 
the dew-point of the air to be 40°, and the temperature of the air and of the evaporating liquid to be 
60°, with a still atmosphere, the vapor in the air, as shown by the table at 40° is 1'06 gnuoa, viiidi, 
subtracted from that at 60°, or 2'10, gives 1*6 grains per minute as the quantity of vapor given offfnm 
a surface six inches in diameter. 

During the spontaneous evaporation of wet surfaces, a considerable degree of cold is produeed bftfae 
quantity of heat rendered latent b^ the formation of the vapor ; and the heat is mostly aerired fion the 
uquid itself, or the surface containing it. By proper contrivances, water may be frosen, in oonseqwDee 
of the abstraction of heat during the rapid formation of vapor. "When a person takes cold from wear 
ing wet clothes, the vapor from the wet clothes obtains its neat from his oody, and the chilling eema- 
tion is often the greater the warmer the air. A person with damp clothes, entering a room £lled vidi 
hot dry air, is very likely to take cold, on account of the powerful e&ed of warm air io abstndiiig 
moisture. 

In a badly ventilated room, the moisture from the breath of the inmates, and from the oombostioo of 
himps and candles, accumulates nearly to the point of saturation. This is well shown by an experi- 
ment of the late Professor Daniell. The temperature of a room bein^ 45°, the dew-poiot was Zr-, a 
fire was then lighted in it, the door and window shut, and no air was allowed to enter. Ihe thenaome- 
ter rose to 66®, but the point of condensation remained the same. A party of eight persons tflerwinh 
occupied the room for several hours, and tlie fire was kept up ; the temperature rose to 58° and the 
point of condensation rose to 62°. Now, if this room had been properly ventilated, the vapor wookl 
nave been removed as it was formed, and with it the efiiuvia and unpure air. 

On the warming of buildinga by mean* of steam and hot water. — ^The method of warming boild 
ings bjr steam, depends on the rapid condensation of steam into water when admitted into any Teiscl 
which is not so hot as itself. At the moment of condensation, the latent heat of the steam is girea oat 
to the vessel containing it, and this diffuses the heat into the surrounding spaoa 

The first practical application of this principle was nuide by James Watt, m the winter of 1784-4. 
who fitted up an apparatus for warming his study. The room was 18 feet Jong, 14 feet wide, and 6^ 
feet high. ITie apparatus consisted of a box, or heater, made of two aide pUtes of tinned iron, about %\ 
feet long, by 2i feet wide, separated about an inch by stays, and jointed round the edges by tin-fdale. 
This heater was placed on its edge, near the floor of the room. It was furnished with a cock to let oat 




favorable to radiation^ 

About the end of the year 1799, Mr. Lee, of Manchester, under the direction of Boultoo and Watt, 
erected a heating apparatus of cast-iron pipes, which served also as supports to the floor. This an- 
swered perfectly, and was, m point of matenak and construction, the earliest of its kind. Mr. Lee al^ 
terwards had bis house heated by steam ; and the staircase, hall, and passages were warmed by the 
Apparatus shown m Fig. 8703. It was placed m the underground story, and consisted of a vertical casl- 
i^i^ cylinder «. surrounded by a casmg of bnck-work, leaving a space e* of two and a half inches all 
s^oond, and having opemngs t below to admit the air. This casing was surrounded, at the distance 
^^ three or four inches, by another wall forming a sort of weU c. The colder and heavier air filing to 
eli« bottom of Uiis well, entered bjr the holes i mto the space « where it came in oontact withtbe 
^srsrlioder a, and, l^emg heated, ascended The entrance of the steam into the cylinder was regulated by a 
%lve, the air being allowed to escape by a stopcock, whUe the steam ww enterii • S ooodei^ 
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ing from the condensation of the ete.ni in each PiP^ Jow' ^^ TA^^A^ JSSSlK 
But if it be not convenient to place the boiler below ^%l^Jf\^]^^^Z At the extremity of t^ 
is received into a reservoir, from which it is pumped into the f^^°?^^to aUow the air to W rf 
horizon tol branch C is a stop-cock, which js opened when the steam " n"*°|j^ from the bailer eoten bf 
Another arrangement of the heating pipes is shown m ^f-fl^^ fnd this is earned, with a gatk 
tiie connecting-pipe a into the heating-pipe b, placed P^J^^^^rTT^ ^^ returns aloog its floor to 
slope, to the opposite side of the room, whence it rises into the next wry, ^ coiide«d 

the opposite si^ where it rises to the third floor, and proceeds as before. xic«, n^ 
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water flows back in a direction cootrary 
to the current of the steam, and is re- 
moved by a siphon at a. The air-vent 
is fixed at the highest point of the ar- 
rangement c. 

It is necessary to prevent the con- 
densed water from accumulating^ in the 
pipes, otherwise it would be impossible 
to maintain them at a uniform tempera- 
ture. Moreover, this water condenses the 
steam so rapidly, that a vacuum is formed 
witliin the boiler and pipes ; and should 

they not be firm enough to resist the ex- , - u i« nvs 

temal pressure of the atmosphere, the boiler may be crushed in, and *®-^"^^^^ 
special arrangement, the condensed water is collected at certain parts of the aysieoh 
give out heat after the steam has ceased to flow into the pipes. In such 
cases, stop-cocks may be employed, so arranged as to allow the water to 
be afterwards withdrawn from the pipes ; the same cocks also serve for 
letting the air out of the pipes when the steam is first admitted But when 
the water is returned into the boiler, the advantage of this supply of heat 
cannot be reserved ; and in these cases, a self-acting apparatus is used 
for taking oflF the water of condensation. Such a siphon is represented in 
r^tg. 8706. The pipes are so fixed, that A is the lowest point of a branch 
pipe, so that any quantity of water that may be formed in it will flow 
into the siphon, A B C, at A, and escape at C, where it may be received 
into any vessel ; for as the water is pure distilled water, it may be osefiil 
for a variety of purposes. The water in the legs of the siphon acts as a 
trap to the steam in the pipe A ; hence, the length of the le^ AB should 
not be less than is equivalent to the force of the steam m the pipes. 
When, for example, the steam is worked at the rate of ten pounds per 
square inch, the column of water should not be less than ten feet ; and 
^^f " T^^^ ^® pressure, there will be considerable oscillations, unless a 
valve be placed at some intermediate point between A and R When 
the legs are both filled with water, and at rest, this valve should be open, 
so as to close whenever the water has a tendency to return into the pipe. 
The siphon should be large enough to carry oflf all the water of condensa- 
toon, but not too large, or there would be a loss of heat in the leg A B, 
from its being- filled with steam ; and, in all cases, the siphon should be 
protected from frost In connection with the siphon, it is usual to pUce 
a cock for letting the air out of the pipe, instead of the stop-cock alwve 

referred to. Such a cock is shown at E, and it is made to range with the ^"«- - _u«« fiL 
lower part of the pipe, because the air being heavier than steam, will occupy only the lower portwooi a- 
In cases where sufficient depth cannot be afifbrded for a siphon, a steam-trap or valve, made » 
open by a float- ball, is employed. Tredgold's arrangement is as 
follows :— -B C, Fig. 8707, is a square box attached to the end A of 
** 1 ^*®iJ*"-P»pe ; D is a hollow copper cylinder, fixed to a conical 
•v^alve E. When steam is condensed, the square box will fill with 
v^ater, which will float the hollow cylinder, and the water will 
^cape, and run by the pipe F into the drain. Whenever the quan- 
tity of water in the box is greater than is required just to float 
*^Mi 2 i^®""' ^°^ when there is less than will float it, the valve 
-virul be clased. In this case, also, a stop-cock S will be necessary 
to let out the air while the pipes are being filled with steam. 

The yarioug methods of connecting the cast-iron pipes are by the 

flange joint, and the spigot and faucet, or socket-joint. Mr. Bu- 

obanan gives minute directions for these, but he seems inclined to 

recommend the thimble-joint Care must of course be taken, in 

Joining the pipes, to allow room for expansion. This is some times 

done in the thimble-joint, Fig. 8708, in which the adjoining ends of 

tbe pipes a % are turned true on the outside, and have a thimble, 

or short cylinder of w^rought-iron, to inclose them, leaving only a 

small space for the current A piece of tin c, or inner thimbleT is 

ioterposed, and made to fit well to tlie turned parts of tho T>ii>e8. 





/ 



which, under the influence of heat or cold, work forwards or ^"iStWards, like a piston in a cylinder, h 

motion firoxn escpaneioii of three-quarters of an ind; Irt 



range of pipes 120 feet in length, there was a 
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cabic inch: "ndif the 



u »^ /v>mnressed about one <^°"if. t „f bur%f,v* »PP»«t>»»eretobaretaieaim. 
^uare inch, would b« /^^^^h. and the only effect ol urBt«,g ^^J^ ^ ^ in ia, Z^ 

Bfon would only be one cuDw^ ^^ ^j^^ ^^jgp ♦!.« nrincirvi 




wiin me owi*!'""' «- — - --y ' o-fJolesL ascend, anti vw*« 

Bghter than the surr^ndug^art.^^'.^^ «=e8S go«. <« m thj, ,,^-7^'^!;,-;^^^--^^ 

becoming ^^^„^^1,^^oa of temperature. If the proc«, be intinued long enough, (he ,«« 
boderhave ""^i'*^."? "^^ If the Wer be closed m 00 all sides, go a« to jJevent the «aperf 
^.^.^t "^^i efL°£l»h i^rful explosion. If » tube full of »,<«, rf^ fro„, «,« top of the bofleTb . 



:i-crticil line to any required ^^^'^^ ^'',}"^"i"^tm the same T^; '^^,°^. 

iottom of the boifer, tfie P«x«« «'.H'"?^J!^ther naSi whi^h ^^^ ■ 
Zil^ »„j ;„ A^i^c «, Histnbute their heat to other paruciea, which will also ru 



water tint heated lill 
rise lliese in their ton 



Ijottom of the boiler, the process of 

rll^liBh^ Bufi« tie Bourco of helt is P-*'---"^^^^^^^ 

kction and beinir heated, ascend. By continuing tlie process a short time, the particles m the vertjol 
tube becoiLe belted, and. by their expansion «fj* ^.Pf ff ""^ pn the water contaiDed in tfae hM 
l>ranches. This, toffether with the increasingr levity or tne water m the hoiler, establishes a carTeDt,ttd 
the water from the branches begins to set in in the direction of the boUer ; the water id the lowest 
Iwnnch, where it enters the boiler, supplying colder and Heavier particles every moment to take the 
plnce of the warmer and lighter particles which are t>eing ui^ed upwards along the vertical pipa 
Now to ascertain the force with which the water returns to the boiler, we must know tie Bped& 

Savities of the two columns of water, the ascending and the descending, and the diflference bet¥«a 
em will be the effective pressure or motive power, 'ms can be done by ascertaining the temperatnre 
of the water in the boiler and in the descending pipe, ^en the difierence amounts to only a fewd^ 
grees, the difference in weight is very small, but quite Bufficient, in a well-arranged apparatus, to naia- 
tain a constant circulation. For example, suppose an apparatus to be at work, in which the tempeiip 
ture in the descending pipe is 170 deg., and the temperature of the water in the boiler, the be^^it of 
which is 12 inches, is 178 deg. The difference in weight is 816 37,^^ 

grains on each square inch of the section of the return pipe. If 
the boiler A, Fig. S712, be two feet high, and the distance from 
the top of the upper pipe <? to the centre of the lower pipe d be 
18 inches, and the pipe four inches in diameter, the difference of 
pressure on the return pipe will be 168 grains, or about one-third 
ffu °^^^ weight ; and this will be the amount of motive power 
Of the apparatus, whatever be the length of pipe attached to it. If such an apparatus have 100 jw* 
?JP'P^! four inches in diameter, and the boiler contain 30 gallons, there will be 190 gallons or 1900 
IDs. we^ht of water kept in continual motion by a force equal to only one-third of an onncc. 
Another method of estimatimr the velocity af motion of the water of a hot- water apparatus, b to 

8713, and its ^^ 

, o_ ..^j, ^ „- fluids. If mercury 

oe poured mto one limb A and water into the other B, and the stop-cock between them 

oe turned so as to establish a communication, it will be found that an inch oi mercury 

JJi^ m one lirnb will balance 13i inches of water I E in the other limb, thus showing that 

*^aensjties or specific gravities of the two fluids are as 18^ to 1. If oil be used instead 

of ^ a !!r^' ' ^ ^'^ require 1 inches of oil to balance 9 inches of water. Or if equal bulks 

the oi'i ^-f 7^*®' ^ poured into the limbs of the siphon and the stop-cock be then turned. 

ani^ ,.,^ ,.!^^ forced upwards with a velocity equal to that which a solid body would ac- 

>wn gravity, through a space equal to the additional height which 
I occupy in the siphon. J^ow as the relative weights of water and 





^e%bJ^i!^ ^y **',?^° ^^'*y' through a 
oil uJ^.'L body would occupy in the siphon. 



xa es*fr«« #-- *i -' » " ,w.w^.y — equal 10 lao leet per luiwu.^ 

rule wi/i ^^ 1 *^ velocity of motion of^ the water in a hot-water apparatus, the same 
teni»^^A_^^^^ ^ " ^^ the average temperature be 170 deff, the difierence between the 

of the ascending and descending columns 8 deg^ and the height 10 feet; 






an incUiT'^^^ "heights of water are placed in each column, the hottest will stand -881 of 




^fiKe/5 
minute . 

2^^ or 




Ifthebe^t 
_ly 66-2 feetDcr 

, r '- — ««.pac ajou ^^^ u».«^.« - — amount stated— 

«.fie difference of temperature been 16 deg., and the vertical height of the pipe five feetr- 
slocity of motion would have been 79-2 feet per minute, the same as in the first cianiple, 
<. « ^f^r*^** ''l*^ , T^*^ ^^ '^^t, and the diflference of temperature 8 dee." 
XI «.Iiese a^lcuUtions a considerable deduction must be made for the eflfects of fiiction. In ite 
10 ascending pipe, the heated particles meet with the smaUest amount of obetructioo, «»d 
otjon 18 quickest; but at and near the circumference of the pipe, the retarding effects of 
m<»st apparent In the descending pipe the friction is less, for the water descends more as 
'": t^Tifr^lL*"'.****** ^ ^^ K™^»V of the mass. Inln apparatus where the length of 
»t» wnere the pipes are of large diameter, and the bends andangles few, a huge dedso- 



WAEMING A^^^;. ^^ 




'^rofA;'^i^ which opening »^<*-^ie'd; ^^^^-Thi.. 

%,U1 be stop^runta the appM*'™ .'L retaro P^P^rtion of 

case, water win flow back Arough *h« ' io^^'Kj, shown 

however, may be prevented, by bending^ eipboo, »f j^ 

the return pii>e into the form of an f,V***f^ul»t'*'^ * in the 
in the figu^. This will not prevent the Jirc pl«f ^"PJ^ 

S.w.piiS is open; but if that be dosed ^ag^.*^'^" 
dste^^e hot water will not return »»<* *^e »'P^t the 
pipe. Any sediment that may accumuliite i ^^ c»p »' """ 
fe removed, from time to time, by taking o ^ ^^.^ ^^.^ p.p^ „^ ^^ 

lower part of the bend. .^ *i%e M*^^ j *« « JUtr ^/xna:<^£.ntT>lA distftDce, and tfien w 

In »Sch an arrangement as that 'i>«^''i^B e*t«°^ It iI"otT^t^^ ded^ble to inc««ft. 
larger dUmeter than tiie branches, unless tne jarged. " » °o«' j„ T,^! „:^and there aw are* 
diameter of the main pipe may be 9omewhft*fyconom.«e «>« JJf' " J*^ P^ie to the amogema* 
diameter of the main,lSIS»u»e K is an object U» ^ j^j^e one. as, for f^^^P^' P fa a given tii«v 

stances in which a small main loses less bf »* *be8 ^ diameter, supply *»"L?'^*'1„rel W (i«» 
.fc„-n in viT 8-71 «. If on« ».»m nine. eiKW »*"'r_„i.pj. in diameter, the water n»»lT,j,__Bt«im 



heat to the surronndio^ air. Vow. it has bo^" *°^a taS inches ^^ernf ^•,nun^'«*yrf 

pipe four inches in diameter ;r» temftUy, and four »°°.^"o. d„. above that of •*« *"^j cubic W « 

teat per m.Date irien the I 55I.»-. of ite temperature » J^f °^ the temperature of ««» « ; , j,. 

as one cuWc /oo« o/ wajf® .**^*:f f„c 1 deg. of its beat ^!" J'lJ^.^in hwt 222 cub"* fef'°L» 

air the like extent ofH' "» **^^e foot length of fo"'-"'* P^f! ^Z and the air » IS'JK gl« 

J»r m»u<e. ^-hen tte A-. ^-^ '"between thf temperature of ^e^^ ^^ ^ «~%Ctto«'*' 

We most Doir take iJ.''^tM<^^ *t\^ loss of beat per mmuto """» . aUowance »' l*"" ' ^ fcr 



poses ofreapi^of <i • 
One sgna^ yooj ^. H»«.j^ 




^rtrb^made per n,hm^^«- k;- „p^yrf«r 

'^titywillhavetobed^charg ' ^^^^^^ 

J 1.2,9 caWc feet of «r as many degree, per 
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"" ». ♦ iA inches in ^idtb and 22.''^th^i^f7f^e^«w««ountofMrfcce«,«i«i r, 

indice. BO th»t \*'°^f^ i„ the shortest time, the^« ^ „ ^ afcoold be preporticj^t^ 

4ain be drawn out oi ine »v»^ . cement made oi quicKuoje ^nd ]m<u>«/f nil ;••«,«« 

^ Sf o olu- w^ll fomli sediment or crust m the t>^^f J^"^ interfere with its actJoo. But is there a 

tSg. It ha8 been proposed to fill the pipes y^*\**'V*°^5,*^^^^ the boding point of oil ■ 

^rly three timeS h^her than that of water, it "^^J^^J that a temperature of 400 deg. might 
\^ safely jriven to the pipes. It was found, however, tnat ine oU at high temperatures became thick ud 

viscid, and at length cfiab^ed into a gelatinous ^^^ ?^f^^^f^Y etopping all circulation in '.e pipei 
In the forms of apparatus to which the precedmgr aewiw reter, the temperature of the water uerer 

rises to the ordinary boiling point, (212 degr- *>"*^ ^® °ave now to notice a method in which the tem- 

ferature of the water is often beyond 300 deg.; tins is tbe high-pressure method contriyed by Kr. 
►erkins. In its simplest form, the apparatus consists ol a continuous or endless pipe, closed in all pirti^ 
ikod filled with water. There is no toiler to this apparatus, its place being supplied by coi% up a 
portion of the pipe (generally one-sixth of the whole length) and arranging this in the fumaca ll>e 
remaining five-sixths of the pipe are heated by the circulation of the hot water, which flows from tbe 
top of the coil, and cooling in its progress through the building, returns to the bottom of the coil to be 
reheated. The diameter of the pipe is one inch externally, and half an inch internally, and is forined 
of wrought-iron. The coil in the furaace being entirely surrounded by the fire, the water is quickiT 
heated, and becoming also filled with innumerable bubbles of steam, these impart a great specie 
levity to the ascending current. At the upper part of the pipe, the steam bubbles condense into water, 
and uniting with the column in the return pipe, which is comparatively cool, tbe descent h rapid io 
proportion to the expansion of the water in the ascending column, or, in other words, according to the 
relaU re specific gravities of the two columns of water. 

As the expansive force of water is almost irresistible, in consequence of its extremely limited die- 

ucity, It IS necessary in the high-pressure apparatus to make some provision for the expansion of dM 

water when heated. The necessity for this will appear from the fact, that water heated from 39-45 d^. 

ox^J^^'^^ ^^ greatest condensation) to 212 deg., expands about 1.23d part of its bulk; and the force 

adont H ^" '*'*' P'i^ ^y *^*^ expansion would be equal to 14,121 lbs. on the square inch. The method 

anna ? ^ ^ connect a large pipe, called the expansion-pipe, 2^ inches diameter, with some part of the 

and^^ii!^ either horixontally or vertically.- It should be placed at the highest point of the appaiatie, 

Whil th ^^''^'^ of the expansion-pipe is inserted the filling-pipe through which tbe apparatus ia filled. 

Doiiri^ • apparatus is being filled with water, the expansion-tube is left open at the top; water is then 

WDM ar ° ff,^^^ *^® fi^^°« *u^» an J as it rises in the pipes, drives out the air before it When the 

Por^n^f ' **® filling-pipe and the expansion-tube are carefully closed with screw-plugs. It is no- 

ren^A? t u^^* aU the au- from the pipes, and this is done, in the first instance, by pumping the water 

*n the n/i^ t/irt>ugh them. The expansion-pipe is, of course, left empty, as its use is to allow the water 

Cent of expand on being heated, and thus prevent the danger of burstii^. From 16 to 20 per 

Tbe /b^^'*'^^*°° ^P*^^® '* generally allowed in practice. 

ceediofi- /A^*^?m.'® generally bo arranged in the building required to be heated, as to allow the tube pio- 

^ to cin^"^i ^P °^ '**® ^*^ ^ ^^ carried straight up at once to the highest level at which tbe water 

alumna ^ y^ * ^*^^^ *^® expansion-tube is situated, and from this point two or more descending 

*^'^ atien #»5^ formed, which, after circulating through different and distant parts of the building, 

^^« ^hol- *" °°® ^^^* J"^*^ before entering the bottom of the coU in the furnace. 



'% coluQ.^, »"angement will be better understood by referring to Fig. 8718, in which a is the asceod- 
*^op-coctx. r' J . expansion-tube; c, the descending columns; d the coil in the furnace; andie*^ 

i^eh^^.-^ ""'^ ^^ ^® circulation from the coils when desired. 

^^W up a^ '^ <5onamunicated to the air of the rooms from the external surface of the pipes, which are 
?" *^fiy £a tZ' ^ *' ?°^ placed within pedestals, ranged about the room with open trellis-work in front, 
^^^ ston m^ ^^ *° stone floors, placed behind skirtings, or in ihe fireplaces of each floor, the flnea 

Jn coos ^^ ^^ arranged in any other convenient manner. 

'• «"eqm>«!3V?^*^5^® ?^ ^® great internal pressure which these tubes have to sustain, oonaiderable care 
^^^rteror ^**- «^*jeir naanufacture. They are made of the best wrought-iron, rolled into sheets a 



^^^rteror - »neir naanulacture. They are made of the best wrought-iron, rolled into sheets a 

2*'^»^e ienl/if^ *? ♦^ - * ^^- ?^.*^® proper width. The edges arc then brought nearly together the 
,^^d tn _ \ r- 'f**"' which is generally about 12 feet In this state it is phiced in a furoace, and 

''W J;f -^i^«5l<lMig heat One end is then grasped by an instrument firmly attached to an endless 
!ia #..L "^oi ys^R w^^ t>y steam power, and a man applies a pair of circular nippers, which, when closed, press 

^ requued size, and which he holds firmly while the tube^w drawn through them by the 



eogyjg^ ^t-c». -fclie 



f wo o|. ^. ^ fc» ^ ♦^Ji^rth^on^WK "^*'* '°*? perfect contact, and are so completely weldeS after passing 

*^* °Pei if^ ^ V3?f lo^t «1^ tiT'P*'!""^ ^^^^^ *^°*^^ Pi^ of '«« driven Vnto tLe end of the tiie wiD 
^^ It MM^-ti * tae joint sooner than at any other part 



WARMING AND VENTIL^Tioy. 
754 ^ 






lill^^'.o, fresh supply of fuel is added, ana znis su^p^* «» "*" are tiU 4 p. m, whcD aU the fires at the 
Mfiiseum are eztinffuisbed. ^ ^ , „^«t;.»«*' 

iTie above details will suffice to show the nature and application of this apparatus. 
It 18, however, of great importance to ascertain wHetner wis apparatus is perfectly safe, for even s 
doubt on the subject must be fatal to its general introduction. The average temperature of the pipes 
ia stated to be generally about 350 deg. ; but a very matenal diflFerence in temperatuic, amounta^ 
sometimes to 200 deg. or iiOO deg., is said to occurin dilterent parts of the apparat^is, in consequence 
of the great resistance which the water meets with in the numerous bends and angles of this small 
pipe. The temperature of the coil will, of course, give the working effect of the appanitus, but the 

t^mnGTAturf* nf anv norf nf fllA nioA Tirill fumish data lOr eStimatint* i*« oafiatvr. Avr TfrkafAvar » fha 



aratus ; for by the law of equal pressures of fluids, an increased pressure at one part wil generate 
an "equally increased pressure at every other part of the system. 

A very elegant method of ascertaining the temperature of a heated surface of iron or steel, consiste 
in filing it bright, and then noting the color of the thin film of oxide which forms thereon, as follows: 

Steel becomes a very faint yellow at 430 deg. Fahr. 

" pale straw-color "460 " 

" full yellow "470 " 

" brown " 490 " 

** brown, with purple spots "610 * 

** purple. « 6S0 ** 

** blue « 560 " 

* full blue "660 ** 




560 deir ];Z"~"^*=». ^^ wiii oecome purple = about o«ju aeg., ana, in some cases, of a lull blue coior = 
from the tf^^^^' *^ ^^^^ ^ always steam in some part of the apparatus, the pressure can be calculated 
^00 lbs • an^'^^^^o"^®' ""^ * temperature of 460° = a pressure of 420 lbs. on the square inch; 530° = 



IlZ'u.?1.^*'«° = "'^O '"^ per s^JilreTnch. 
required^ K 2.® P^P®"* """^ P^'oved, at a pressure of nearly 8000 lbs. per square inch, and the force 
^S22lhs ner^ ^ wrought-iron pipe of one incb external, and half an inch internal diameter, requires 
^7 exposmJ -^^^^^^ ^^^^ ^" *^® internal diameter, yet tJiese calculations are taken for the cold metal 
^aerebv itf/'^^*'^ ^ long-continued heat, it loses its fibrous texture, and acquires a crystalline character, 
^n order ta^^^il^^ ^^ cohesive strength are greatly weakened. 
^^ans/on-D/oL'^r^'^® *^5^ apparatus safe, Mr. Hood suggests that, instead of hermetically sealing the 
<*" the sguareiVir^ ^ ^^. °^ furnished with a valve so contrived as to press with a weight of 135 lbs. 
P''essure irouici^l7' J"*^.'^^"!*^ prevent the temperature from rising above 860 deg. in any part: the 
'^J?* wbern «« ^ J* *^? ^ °^°® atmospheres, which is a limit more than sufficient for any working appa- 
J°iit, Bvpna ' i.^ importance, 

^'"'ch accomA^fl^^rif ^^PP^ratus were to burst in any part, the effects would, by no means, resemble those 
Jif.^ef, under t^\^^ explosion of a steam-boiler. One of the pipes would probably crack, and the 
Z^'^G that XMrtAl^T^^^^^^^^^P escaping in a iet, a portion of it would instanUy be converWd into steam, 
T^^^r under « ^71 s«^^^-"®^ ^ ^*'^'" ^°"'*^ **»°^ *° ^12 deg. This would have the eflfect of acaldii^ 
1^^ intent h^^V^ iT^^^ circumstances, but the hi/Ljh-pressure steam would not scald, because its capacity 
i?f teat/ of ,v^1^Z, wT,.Ff*^l^ increased by it^ rapid expansion, on beinff suddenly liberated, so that 

er that 
any case, oe 01 trifling 

ii^VK^^^X'?^ r^<=?4T^^^ erenerally practised in this country are the hot-air furnaces, so called 

3''' a hri/Z^^^lt^^l Z^i^^T""^. ''^ an^inclosed iron furnace, linea usually with fire-brick, and placed 



^ r under «r--lS«V^ • water wouia sinic to i2i2 deg. This would have the eflfect of scaldii^ 

1^^ intent Kl:Jli^ if "^ circumstances, but the hi/Ljh-pressure steam would not scald, because its capacity 
^^^eaa ^f ,^^"^\^^f ^jf f*^^y increased by ii^ rapid expansion, on being suddenly liberated, so that 
^^^^ he Ui'^J^^^^^ ^'®^^' it abstracts heat from surrounding objects. The only real danger that 
ainouot -^ *^ ^'^"®' "^^"^^ ^ ^^^ ^« jet of hot water, Snd this must, in an/ case, be of triflii 

in Jl?^tho^: 



oration .^^^ ^ ^^^rc^!.^'" ^'/L^""^lf ^ -"^^« ^ -^ the he^Q ^^JZ'^iZ'^^^^ 

^K S^4«%"^' iZ^lvZ'ih^"^^ the building by tin conductor^ The external air is in^oduoed In 

""^^HoJ^^^' usi! ^ ""^ * continuous current of fresh warm air. We give aerend 
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to b«rn the «r; »d into thia ^^J ^^^^f^^'t:'^J::^'^^ZV^^ 

f^S^aTr '^f ;;^^^b .he hot-air ch.mb«r whirf. « th» /unutoe « oby»ted by A«l,i^^ 
^^nrftte brickSamber aU the heat thrown out from the cylinder. ^>»^vv\ 

hot-lir ftimaee is now very much in vogue, and we e»t«<^ ^^ his treatise on wainung ^ fj^^tf, 

X^e principle of heating by hot-air furnaces is to take fresh a,r from/>ut8,de the \mi^^^: 
ana tben let it flow into the rooma aa temperature wid ventdation reqiiira Thus, « pipe^^it 
ah- rrom outside of the buUding to the air-dtamber of the furnace, t. if., the ^/MWe wdosef abo^^ ^ 
nac« ; here it ia warmed, and is then conducted by pipes into the apwimenta, vrUie the fstxH^l^J^- 
generated by the combustion of the fuel pass off by another pipe to the ctamnej. ^Vid^ 

3ut if the airnihamber and the pipes leading from it are small, or ifUie fiimace itself is so sm n » 
in oraer to get the heat required its surface must be kept at a high red:heat, a fmme wifl }J^^ 
be o¥ie of the most expensive and disagreeable modes of heating. To construct a good (jimgc^T^ 
fore, several things must be considered. ^^ ^^ 

1. Ventilation. — The problem is how to secure a pleasant^ f^oial hea^ with fhoroaOi renf7 ^ 
Either of these alone may be very easily and economically obtained. Stores of yarious faj^ J?'** 
duce tieat at little cost^ but they afford no ventilation. Open doors and windows wiU pttjefy^g ^ 
tion, l>ut at the expense of that warmth which health and comfort require. ^^°"- 

l^o inake a furnace the means of ventilating an apartment does not appear to hare been tboo^hi t,t 
The Tiniform plan was to admit into the apartments to be warmed by the furoace but a sma]] omntf J 
of air, which, to produce sufficient heat, was necessarily raised to a veiy high <emperatare---iDi«2hr 2 
hea^ being substituted for quantity. This was in various ways productive of bad lesults. Tlie sb^\ 
volume of air introduced into a room from the air-chamber of the fomaoe was worth TerF littlf?. 



ventilation. 



Baxt the question arises, how is the requisite nmouht of ventilation to be secured? What hmftghali 
be assigned to the introduction of fresh air into an apartment which is to be heated to a men temnw 
ature t The answer to this question must vary with the relative importance of economy in hJiiS'^ 
the bealth and comfort of the occupants of the room. The limit of the amount of 4itiIaS, m,,!/ 
sometimes be that which can be afforded. The heating of air for this process is lust so mS, fi^l 
thro^^^n away. " •' ««ui juw 

The most economical stove is that which is placed in the room to be warmed, and the smoke of whid» 
is re<3uced to the temperature of the room ; if no change of air then take place, by crevices or oS^ 
we Have arrived at perfection m the economy of fuel. Whether it is adrisable to practise swh^ 
„,y, or rather pareimony, for this is its nature.'^is quite another question ItTsup^ KrinSrie^ 
non-renewal of the a,r and low temoerature of the smoke, that aiWi>^/ ^aves cCme bSe w«d 

their >°fi"/°^.S^" *^^ ^^f^^^}" injurious. In ISTew Enghmd the i^nter temperature is such tha the 
L^^rr TJ^'pe'rri^^^^^^ ^^^ ^ '^ --- ^^-^ -d the Snptation to e«>i«oi« 

naces should be so constructed also that the ample votumeTi^r i}?K''i^'^l^^^^A I "^^ 
to the required temperature with the least pc^rWe e™^^^^^^ ^'""'^ '"'^^"^^ ahall be rased 

ad-wertise as a recommendation of his iumaco «,«* « „ i. """"^ *o know its use. Thus one mm viQ 

to the air the oxygen takeir f^m it bV S^X^t ofjhe fo™?:,^"^/ '^,K°' T"" '? ""'^^^ *" 1^ 
tha.t evaporation is not necessary as it never K»^^^^ J! «^ ., ^°°*^'' i"" a furnace "so coosbucltd 
it t>«i«g lined with soap-stone, !? s^ethhi^ «i^^** «>ffiaently hot to destroy the vitality of the tt." 



* uwi, oe a remuay. ijie necessitv far «»var>^ ♦'^ ••^.^•kjr ui uie mr; luiu Ji ib uiu, tsrspununm 

ature of the air is increased, its caoacitv t^ K iTF** j ^° *^®® ^^^^y ^^'^ *^® *«^ ***** '^ ^ temper- 

THfis a given volume of air at the temDGrai.^T A n i" tendency to absorb moisture are increased alsa 

Bion a certain quantity of water If now wf^K ? A^' " capable, like a sponge, of holding in suspen- 

66 de^., the capacity for moisture is nearlV^J. uV ^?1^«.^ we quantity, the temperature be raised to 

ir additional moisture is not supplied bv th*. ' • ''**^*^ *° ^^ ^^' '* ^« "«*^^y quadrupled ; and 

t*ie drying powers of the air will be rnanife^I!?^"*-!^" of water, what may be termed, for convenience. 

upon the furniture, and also upon the skin n «i i *" '« ejects upon the wood-work of the apartments, 

contrive a heating apparatus which shall Hi ^"^ • ^^^ occupanta It is impossible, therefore, to 

caature require this expedient, to suddIv alt- * "*® ^ ^^ necessity for evaporation. The laws of 

ciemands. • ^^ ^ ***^ at an increased temperature with the moisture which it 

But evaporation, important as it is. must K • j* • 
^ large surface, and should be so arransred *>f J "ojciously conducted. The evaporaUng pan should have 
-VV^hen water boils, steam will rise wheUier Yk • ^*^®'' ^^^^^ "®^®^ ^ heated to ihe boiling point 
l>43iling point, evaporation proceeds in some m ^ ^^^ requires it or not; but when the water is below the 



the 



iired, the evaporation is scarcely peroJ^rM t ^^^ atmosphere, when the same arac 
fiirnace, the supply of moisture will P"^'*^- If nature is consulted in arranfinar this 

^*" always be regulated by the demand. 



department 



WARMING AND VENTIL^^Tion. 

•768 — 7 ' -— — 

■ T'ZZ^'^- -r"* °' «««"*"* ' ^^^ ^Ukec^ of it. 

The furnace IS <^'^J^^r° ^gat -nrasted by. e«<=fP'"\»rtmeijt .^"V»f 'WMoeyfl"'- CooMowotl, 
—manner that there «7*^ide a^ilaWe to heating the aparun Qt ; aoj j^ „„ case where tkcr haw kZ 
Si the fuel ^'^""^^'^'^^ve entire saUsfaction. 
^^ected. have they fiuled to g ^^^ juferen^ 

1 i~. w t^- ^t'^een waUs for cold lir. 

A, upper smoke-pipo. H, bot-air flug^ 

B, damper. ^ lower stnoke-pipe. 

O. drums, or radiators. J. eraporating ^5_1 2 gaB«». 

D. feed-door. K, door to put £, or take out tb heater. 

B. fire-pot, fluted. I^ door to remove ashes. 
p, cold-air flues. 

^e extract from the Joiimal of the franklin Insti^^^^^^^^ ZZT^'"^ *°^ ""^"^^ ^^ 

u^lf of the Lanatic Asylum of Bloj^kleyAlmshoiwe^^ 

^^Much difficulty was experienced m the ^.^^1^^'^^^^^ 
^ ^tem as has been adopted, and which added greatly to our labor and made it more difficult toe&et 

^'^li^'^^^ctini? the heating chambers and necesBaiy flues, we were obligred to cut through s system 
of^b^ w&n a^^^^^^ the substantial ^^^nVt^ **^t builSing was constructei Lkkd 

S-oatly to the expense and time attending the PT'^;'^?^^!^'' ^ork. The want of proper floes «nd 
Sondmte for the warmed and extracted or foul air, all of which we were obliged to coostruct, or alter to 
answer the purpose of the present arrangement ; the insumcient height of Ibe cellar ceiling for our par- 
poses, and the impossibility of going any deeper on "fcount of water, presented another senoos difficoltj 
fo the great distance the steam had to be conveyed and the condensed water returned again to the 
boilers, being 500 feet; a greater depth would have mcUitated the return of the condensed water. 
Running underneath the building are a number of sewers, into which the sinks are draioed, c 
quently making them very fouL These made a system of ventilation veiy desirable, but at the* 



uuiuutsr anu large size of the T^inaows maKing tne gi»5w o»«iauc enuai lo »**/ squBre leei, muu uk tu^ 
perfect fitting of the windows, together with the large size o[ the doors, and the very exposed situation 
of the building, render it, perhaps, more difficult to warm than any of the buildings connected with the 
Institution. 
Explanation of tha figure*. — Fig. 8780, plan of building, and wanning and ventilating. 
Fig. 8781, elevation of heating chambers. 

^JS' 8732, longitudinal vertical section of the arrangement for warming and ventilating. 
^JS' S788, plan of a part of the heating and ventilating chamber. 
Fig. 3734, elevation of Fig. 3733. 

>. fJf ' r^ " ^ P^^ o^ *^e west ha 
M 168 feet long by 59 feet wide, in 

t)i I "'*"* building there is a large hall running me wu^xax or n, a stairway, Kiicneo, uiumg-iwu., — 
TPK '^^ associate rooms, in each of which there is a nurse's room, wash-room, and water-closet 
ilie wing at right angles to the main building is 119 feet long by 46 feet wide, inside measurement 
wree stories b^h, with an attia On each floor of the wing there is a hall running the length of it» and 
wnnected vith the main building by another haU, two stairways, a nurse's room, a bath-room, two asso- 
ciate room^^ aod twenty cells. ^ ^ ;,^ ^ 
it /m^^L'^*'"® faave been taken to procure air for the supply of the house from pure sources, and to keep 
ramrem t^ <»ntaminat€d while in the equalizing and beating chambers under the building. The ar- 
fujvoffh^^^^ ^^^^ ^^^ ^*^® patients cannot interfere with them in any way; there are no valvwm 
^ifferenc^^' ^^ ®**^P* ^"^^^ *" **>« ^»"» "«'' ***^® ^^y ^«° ^^und desirable, aJUiere is but a tnfling 
from int I^ the temperature of the different parts of the house, thus avoiding: the consequent annoyance 
^jmer/erenoe with them. , u^ --^ 

«nW Tv/vl*^"^^^ chamber A A, for warming the main building, runs along the centre of the cellar 

crossj'no- ^^'^ ■#.^^- ^^^^ ^^ ^^^ "wing, where it w^as found necessary to stop, on account of a sewer 

structed rl^ ""^ght angles. For warming tlie halls in the main building, another chamber B is «»- 

iWiig at ri 1 ^*" ^^'J""^"? the cells and halls in the win^, the heating chamber A' runs the length of the 

■^'^ A'' iiS ^""^^ *° ^® naain chamber. For warming the associate and nurse's rooms, the chambers 

yjjg "f ^a-e constructed. 

^^^mber^-r^*^ ^"PPlying the main building is drawn from the garden on the south side into equaliai^ 

Wali aa • 'Zi' * and from thence through tlie small apertures 000, «fea, in the bottom of the chamber 

^'isiribnt '^<="*^«'*^a by the arrows. Fig. 8738. into the heating chamber A where it is heated, and then 

be warnil\ ^*^«-ough the flues F F F, Figs. 3732, 3738, and 3784, into the different parts of the house to 

the buiU^' ^'^«=**" supplying the cells and halls in the wing is drawn from the inclosure on the west side of 
*^*y be '^^ST- . It w received into a shaft S sufficiently high to be beyond the reach of the patients who 
*®atin|. t^ ^ y-cis mg^ in the yard, conveyed down this and through a tunnel 50 feet in length into the 
^e «^^**- "^"^ *'■* ' . ^""t ** '"^ heated, and from thence distributed into the cells and halls. 

*^»^= »«-*^«* rooms in the wmg receive their supply of air from the garden, and the nuise's roooM 
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*«,*^ed of the best Pennsylj^J*^^ ^ e^perieiioed wor^ 

Itr^fi^'^Bod ^^i-^C^.^^'^^r^^^^^ J^^ -re the safe^-j^^d^ 

'? 300 Ibe to theiiuare inch 'Tiihout a^^^^ ^^ ,j^ ^ the greatest p««n8 

ttas i^ generally worked. ^^^^^''T'^^^^ bo3e« ^ always preferable totab^ 
U ^m enough to make them ^^^^^fy %e-tbey can be made strooger « 
^LThSve all>, more steam and water room. The biiler of a fiist^dassW 
^fi^n will ffenerate enouffh steam, when the fire is in full operation, to fiU the 
^d^and enough, could there none escape, to buret the boiler in about ten mifr 
^e the water TO as to become dangerous in f^m 80 to 60 minutes when the 

pecL 




iBg«ga>»i»l \^.J^ZT^W^Z 



Vom the furnace are conveyed through the smoke-flue D, Figa 3780 «nd *151, 
iber A, until it is opposite the extracting shaft E; from here it is <^^ 



•on chiniDey P, within the extracting abaft E. The smoke-flue within the beat- 
i with cast-von plates, and these with clean sand The arrangements are swA 
be smoke and jcases is reduced below 200 deg. Fahr. before they are pennittcd 



3733. 



1^ any unnecessary waste of heat, and consequently of fuel. . ... 

ected, by means of a 6-inch cast-iron main R, systems of mdiating pipes *** 
laide diameter; they are distributed through the different heating chamba« 
ems are so arranged that the condensed water is returned to the boilers to be 
iru, thus producing a circulatioa lliere are between 8000 and 9000 feet of 

through all the heating chambers, 
through the radiating 
purpose of raising the 
ng in a comparatively 
by opening a blow-off 
nto a sewer; or by 
so arranged as to take 
;nsed water pipes and 
7his pump is also used 

witn water when the 
reat to do so from the 

) wing is an iron tank, 

Ds, in which the water 

urposes is heated by 

pplicd with steam from the boilers G G, a distance of 200 feet 

the steam for cooking the food for the inmates. In the kitchen are two 

ind one of about 60 giOloos ; in these the food is cooked. The kitchen in tte 
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and crowded meetingf-house, ivill be found to consist in Bbitut]^ " .^^^^ 

the windows, communicating by biick flues with the Jower mw "^ o/^^^^. 

in which the hot-water pipea that are to warm the air ahould lZ.'^^»^'V^''^'^M, 
.Iraoled i„ ,11 the pier, bStwoen the window^ rnnning a. bl?' ««« Cr*'^'*SS 
warmed air. A vitiated air flue should ahto commence in eaS/ "^ the J^Z^ ""^ '^ b" 
free egress to that which wouJd otherwise be intercepted srid'>'* Di«(|r hT 
lalo a hor.zonlsl trunk, running over the root: along eich .dj* .*W»7 Si 
Ih, ga^jota, a. before eipUined. Opening. .boulJ alao b, £;"> tlrfZ'', 
bmaonlal Irnul. to carry nlf the baV Unhealed ai, o", .A « n" ™, i 
Sj£r^°°' "■• ■«'*""•■ ■»''" «» <!—.«."«. wa„u its''"- ="'■..'. ..»i-: 






'e"?.-f ;:^^„s i:-" "»°&t';„r'?,~s,r S"- *°1»^'™'r°:;s?c,;'ir4i?i''„:; Jr 
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t^o^ ^o-^« t.h« trouble of carrvinfir up fuel and ascending to atten,, ^ .been " impi„Tem.nrS? 



ing 

many cases 



n-shaft and the lower part oi i^e "H"""-* 7,7^ ^ fa,, k '"'M'' '*»787,;thii8reIniflmeL 
^.. . ^.. the trouble of carryin/up fuel and ^f^^'.^J^^ttZ ^ " '"^P-^^'^^S^^ 
ventilation was, therefore, uncertain. The best mode ofeff^ '^ to the fire was too great. ^ t^ 
less is, to adopt the last-named arrangement r substituting ^a j^^^'WeFentilatioo tyJahaft^? 
church. Fig. 3736. By bringing the pfpe which «UPP '^^ S^ UT^^f^ ^'\^^^i^^ltt 
near the ground-floor, with a stop-cock at that point, the Ma^y^ ofJ!^T^^ *°, f^"® *«e»iWe iZ 
quadrant, the ventUation can be regulated from below with g,.^^ LZ-- ^'^^^^ ^^^ '^ i gndZ 

Window ventiUtion of a kind very frequently adopted m Qhurchl ^^' ^ 
into this figure, (k, Fig. 8737,) not with a view to represent it as ^^ 'P^™^^ ^ been ktndueed 
trate iu bad effects, either where it is the sole provision made, or wu • • ^® ^^^^^ buttoillia. 
a better process. If it be the sole provision made, and the i^^^ jj^f® '* j "^*^ '° combmti«i^t\i 
60°, a downward rush of air at 10® (should that low temperature ha ®**^ ^^ * ^^epjace or store to 
w^ill play upon the heads of those near it If it be in force, as in tu^^'^ ^ preFaii outside at the time) 
means of introducing fresh warmed air, its force will be modi^ed, and ^ "^"f®' simuitaneousij Tpitii mmw 
the egress openings ; but whatever cold air thus enters is so ijuph^ j ^^ deflected upwards, towanfe 
liave entered warmed through the proper channel c. ^ deducted from ih»t •k.M. »>-l. . 

Amott*9 ventilating . . - ,^ , 

is shown in the annexe 

. J irom ^ to x>. A» ^-w^ua.01,0 x,M n AXA.V7U v.jr«a«jucii, LTioceu in *k« '^ \ "-««•, Mui-u lonx^o 

inder is about 5 ft 6 in. diameter and 6 ft. high, with a chamber Vk! ^^^^^ °^ * '^™» ^^ ^^^«^V 
inlet-valves to receive the air from the fresh-air shaft, and outlef ^1 ^® *°^ ^^°^' ^^ furnishd wkh 
cent chamber, and thence distributed through the buildinij. Thl ,^^, *® ^®^*^^ ^e air into tbe adii- 

"» -^ ''^^^ylmderismadeofgalvamiediraJiB 
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The simplest mode of overcoming the cliflaculty, arising from the unequal 
of water through an orifice in the bottona of a. vessel, is shown in Fig. 3740. 



flow 
This 



3740. 



cle 

sip 

out 

rate at which the 

the connection 



. c, uuui Wit? w«^/**- »^~- — --.c vussei uas oeen ui»»'" "•'• -'— 

he water is discharged may o^ regulated by the cock c ; and as, by 
uie couueuuuii of the siphon with the float, tj^e mouth of the pipe is always at the 
same distance below the surface of the w^ter, the quantity will always be the 
same, whatever be the height of the fluid m tJie vessel ; and a scale d, on its side, 
divided into equal parts, will always indicat^^ j^^ ^^^ ^^^^ ^^ ^^le float, the lapse 
of equal intervals of time. 

All these instruments, however, were J}"^,^^de attempts to effect that which is 
at present accomplished far more perfectly t>y ^^g^ means. By the combination 
of wheel- work (acting upon principles alrondy described) with the pendulum, 
the laws of whose vibration have also been ^iacplained, clocks are now constructed, 
which indicate the passage of time with a ^^^ree of accuracy which it would have 
been thought but a short time since quite ^Ttipoaaihle to attain. It is to these in- 
struments that the term Clock is now restricted. A watch ia a portable instru- 
ment, in which the same mechanism is employed as in the clock, but in which, 
instead of a pendulum, there is a balance-wheel, whose vibrations are regulated 
by a sprmg. Any clocks or watches might be termed chronometers or time-measurers ; but Uus name 
is now appropriated to those which are constructed with the utmost attention to the pe"<^^^^ ^^ 
part, and with means for compensating certain errors to whicli they are liable. The most perftMit cioce 
are those constrnrtpH Tnr flafrnnnmirid obscrvftfirtne in TvVki/^h ♦li« trrf^ittpst Dossiblc accuracy » reqcirw 





rine chronometers 
General 



General principles—Moving and regx^latinq oow«-«.— The object of clock-work is to maintajn Uie «■ 
cillations of a pendulum, by continually communicating to it a slight additional impulse; and." ™ 
same time, to register the number of these oscillations, so as to indicate the passage of time, inoracr 



se oscillations, so as to indicate the passage ^. -- 

ut in motion by a power actmg on the to4 



7 a ilu •-6«»^« ^^^ ijumuei ui w*^5.« OSClJiaUOnS, SO a! 

to effect these purposes, a train of wheels and pinions is puu *« «.— - ^j - r- , -, ,., ^^ 
of them whilst the last is connected with the pendulum by a peculiar contrivance, ^er'ned the ««J^ 
ment. In clocks which are to remain stationary, and in which a saving of room is no object, the mov^ 
power IS a weight, which is suspended by a strincr coiled round a drum or barrel; this ^J^^^. 
the first wheel of the clock, and imparts to the train the movement it derives from the gradual d*^ 
of the weight. If the whole of th^ force acted on the wheel-work alone, which it would do if tbe^ 
caperaent were taken off, the weight would run down comparatively fast, and the train w<"ij«,^^T 
to move with great rapidity But a part of it is expended in keeping up the vibrations of thejw^ 



not be difficult to extend that time, to any desired amount, by adding to the number of wheels, vnur 
Dary watches, and the commonest kinds of clocks, require to be wound up every day ; ^^^f^. 
for ships, and house-clocks, are commonly made to go without winding for a week; many clocUs m « 
been constructed which only required winding once a month; and a few have been made to goio;* 

yeiLT. It will be eaiily understood, unon the nrinciole of the wheel and pinion, that the greater jk 

multi 

to fgro — ur, in oiner words, the more slowly its weight is made to descend— the greater wust us, -~ 

po%ver required to produce the same effect ; and Uie weight must therefore be increased m the same 

proportion. 

In small portable clocks, however, and in watches and chronometers, a weight cannot be thus caj 

in ct sr' 
round 

uncoil ~ ^ ^ , o 

do -w^hen it has become slackened ; and "therefore, if the spring were immediately 



uxeci, »" «."«- fii« "iiier ena, oeing nxed on tne axis or spindle of the wheel JN, carries iuw •««— — 
effort to uncoil itself But it is found impossible to msfke such a correction with sufficient accura<7» 
and a different method is generally adopted. . . 

The spring is inclosed within a hoUow barrel or drum, to which its outer end is attached; wdtw 
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piece Vi\l gain inrben tJxe spring is shortened, and will lose when iU l^ b increM^ It is hf 
slightly fdtenng the length of this spring that a time-keeper is regulaUd, bo M to go fester or dowci 
than before. . , , 

The contrivance by which the pendulum or the balance is conoftjted 
with the movii^ power, is termed the escapement. The simplest form 
of this is represented in Fig. 8744. Let «y be the axis on which the 
balance turns, or from which the pendulum is suspended ; projecting 
from it in different directions are two leaves c and a, which are teimed 
polUtB. Atfb'iB seen a crown-wheel, turning on a perpendicular axis 
o <7 ; its teeth are cat like those of a saw ; and the direction of its move- 
ment is from right to left, — that is, / moves towards b, whilst on the 
further side t moves towards a, and a comes gradually round to /. 
This wheel, termed the balance-wheel, is connected with the rest of the 
movement by the pinion on its axis, as will be shown hereafter. The 
pallets are so placed, with regard to the teeth of this wheel, that» as 
the axle turns from one side to the other by the swiDgiiig of the pen- 
dulum or the vibrations of the balance, the teeth are permitted to 
esccme alternately from each of them, and thus the wheel turns round 
with an interrupted motiou. In the figure, the pendulum or balance is 
represented as at the extremity of its excursion towards the rights and 
the movemerit of the axis has just allowed the tooth a to escape from 
the pallet c ; whilst at the same time the tooth b is just about to fall 
ou toe pallet d JS^ow, whilst the pendulum or balance is moving to 
the lef^ that is, from p to o, the tooth b still presses asainst the pallet 
dj and is prevented by it from moving further on, until the pallet has 
changed its position so far towards the left, as to allow the tooth to 
escape from it During all the time that the tooth is pressing against 
the pallet^ the bAlanoe-wheel is communicating to tne pendulum or 

balance, through its means, a part of the power by which it is itself moved ; and thus sappUes the ufr 
pulse required to keep its vibrations up to the proper extent When the tooth b has escaped from d, 
the tooth i, on the other side of the wheel, will drop against the other pallet c ; and will pemaio preais- 
ing against it, in like manner, until the return of the pendulum or balance to the position representai 
in the figure lifts the pallet c sufiiciently to allow the tooth i to escape trotn beneath it, as a had pre- 
viously^ done. In this manner, then, the wheel is allowed to advance by an interval of half a tooih at 
each vibration of the pendulum or balance; and thus, if the wheel have 16 teeth, and the pendnlan 
vibrate seconds, it will make one revolution in half a minute.* 

This escapement was in use long before either the pendulum or balance-spring was applied to the 
regulation of time-keepers. • 

The escapement first used to connect the pendulum with the clock, precisely resembled that wtaa 
has. just been described. The axis of the crown-wheel was vertical, as in Fi^. 8744 ; and the penduhan 
was attached to the horizontal axis x y. In fact, there was no essentiaJ variation from that represfnta- 
tion, except that, instead of a cross-bar with weights p and q at either end. the lower portion only, xf, 
was left, to serve as a pendulum. It was found, however, that the extensive vibrations whidi a pen- 
dulum must make when so hung were injurious to the regular going of the clock ; and various contriv- 
ances have been devised to prevent this source of error, by constructing the escapement in such a maa- 
ner that the pendulum shaU make shorter vibrations. Ihese have completely superseded the ose oi 
this original escapement (termed the er&um-wheel and verge) in dock-work; but it is still n6«f " 
watches, where, indeed, it is an object to make the vibrations of the balance as extensive as P»si«t 
All ordinary watches are constructed upon this plan ; and they are distinguished as veHictd watdieB, 
because the last crown-wheel has a vertical or upright position, as seen in Fig. 8746. 

The first watches that were made were as imperfect as the early clocks ; and differed only from then 
n being made upon a smaller scale, and in the use of a spring instead of a weight, as the mov'mg povff. 
rhey had only an hour-hand ; and most of them required winding twice a day. The invention of the 
piral balance-spring followed the application of the pendulum to the clock, at no long interval; and 
bus both machines were made to receive the greatest possible improvement in the principles of thea 
onstruction, at a y&cy short intervaL The honor of this invention is churned by Huyghena, the Abbe 
lautefeuille, a Frenchman, and Dr. Hooke. There can be little doubt that it is really due to the I*< 
f these ; for he was able to produce proof that he had employed the balance-spring, and had if^i 
»r a patent for his invention, in the year 1668 ; whilst the claim of Huyghens was not made until 1674. 
Cofistruction of ordinary utatches and clocks, — ^The general construction of an ordinary watch '•iD 
>w be explained. That of a clock is precisely the same, whether it be large or small ; with the ex- 
>ption of the substitution of a weight and barrel for the mainspring and fusee. On (^>ening an onfr 
ir^ watch-case, we see that the wheel-work ia for the most part contained between two round platea 
hich are connected together by pillars. One of tliese plates is attached to the dial ; but there is a this 
ace between them, which is occupied by the wheel-work that connects the motion of the hoor and 
[oute hands. On the other plate is a raised portion, beneath which the balance works. 
A. general view of the work of a common watch, as seen from the side, is shown in Fig. 8*746. Far 
avenience of display, the parts are all arranged in one line, instead of being disposed in a drck ai 
jy really are ; and, in order to make them more distinguishable, the distance of the two pUtes, be 
een which most of the work is contained, b much increased ; as is also the space between Ac upfW 



«ii**??r*"T'>««*of">** kind m««^«»lw«y»bave an oAinnmberof teeth; eiae the teeth on the opporttaald« 
Inai tbe pallets at the aame time. '^'^ 
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• tf> tfive tbe centre-wheel 64 teefh, and to the pinion it turns 8 law 
inirW. The ueual p'*" ■* *° » .^^ third-wliee!, revolves eight times for each turn of Oie cmUft 
that thia P'n'<"';'^?"'S '^•^" ' . -«-ork8 into «. pio'on of 8 leaves ; and thia laat, rarrjiog Hum 
The IhinUheel, having ^'l "X devolution of the third-wheel. Hence the contnite-wheeJ tarv [i; 
wheel, turns "J i '""*','-„„ of the cent re- wheel ; *nd aa tie latter makes one revolutioo in m boi 




m. ,«™1b in which the parts of a -wntch are actually airanged is shown in Fig. Slit, reprwrnlingd* 
■ .^^fa wawh from w'liicU one of the plates ha, been removed, seen from above. Sere..d« 
mtenor "'?■"*"; ■, mainaprinR coiled within it Bj the elasticity of this, the barrel is mwte pi*- 
*^^^ ^nd «™ itself the chaiS 6, which was previnisly coiled around tl.e fusee, and thus I. g>« »- 
aUy to X , "Kr~bii^b carries round with it tlie great wheel c The pinion turned by the p^ii «W 
tion to twit lu^e^, ^^.^ ^^.^^ ^ .^^ ^j^ j^^ centre-wheel e. It is the spindle of this ivheel whictp* 
T **^S ThroO^h the dial, carriea the miout^liand. Tbe wheel e turns the pinion / which oma Twd 
l^'^hlr^^el ?■ and this works into the pinion (which can™.t be shown in thi, Tic«) tlut or« 
H ^r«)ntrit4-wheel A. This wheel turns the pinion i, which carries round the baliDM *h«l * 
I^^i-lnnce itself and the verge are aunposed to have been removed with the upper plite, ihri = 

h separately in F'B- S741. This grvea a view of the back of the works of an ordiiw)- 'M » 
BhoWD H ^^ ^^^^ jj jjp^jigj The balance is seen at p ; its spiral spring is shown by i; anJlicf™ 
^i^h*'ia fi»ed nt t. In order to regulate the length of this spring, so as to bring the vibmliauctlli' 

^ 1 ce precisely to their re({uircd number in a minute, there is a movable piece, marked o, \bio«^ i 

yj^f, which the balance spring passes. Thia piece (which is termed the cvri) can be maile lo ir.'ri 

t rda one side or the other, by means of a wheel acted on b^ the circular acale r, to »hi(i lit ^ 
^onlied for the purpose of regulating the watch. Tlie position of Ibe curb o determines It* «''*? 

Weill of the balauce-spring, since the prt betwsM o and * is cut off, aa it were, from the rert. He«». 

■r.l.Pcurbbainoved towards i, the acUnKiciiglh of the spring is iucreosed: whilst, if it he pwirI in; 

from ( the spring is shortened. The effect of this alteration 

r~ been already eiplained. At } is seen the square end of 371fl 

»hn Boiudle of the fusee, to which the key is applied for wind- 

.' tfie chain off the barrel. In Fig. 87'ia is uliown the work 

Lhich lies between tlie dial and the pIC ' "■- " " 

having f- "" "'""■' •" " """ *" ' 

I^nMaUd in this fig'ure ty d,e wheel p, but ah , ... . ^. 

R74G. The wheel x cames round with it the pinion m, which 
^ivea motion to the wheel v ; and on the hollow spindle of 
QiU last llie iiour-hand is fixed. The number of teeth in these 
«p heels and pinions must be eo proportioned, tlicrefore, that the 
Xbeel tJ shall lum round with only l-12th of the velocity of 
•be central axis. Thus, suppose the centre-pinion to have 10 
i-eth. and the wheel x to have 60 teeth, the Utter will only 
Involve once whilst the former rcFotrea four times. Again, if 
the pinion v> have 20 teeth, and the wheel « have 60 teeth, the 
.^bet:' " ^i*' ""• """"* "^8 whilst (he jjinion » revolves three 
iiiii(>e. and the central pinion (3X4) 12 times. 

It is not eiHclly correct to eav, however, that the central pinion find the minute-hand are /r-J T" 
tbe spindle of the centre-wheel ; for if they were, the hanifa could not be moved without tuniiDg lir 
centre-wheel, and wa should not be able lo lef them, without dLsturbinit the whole roovemenl o"** 
.w-otch. There is a verj simple provision for permitling this to be done The pinion and mimilc^k*^ 
arc filed, not to the fliB of tteccntrewheol, but (o a hollow spindle which is fitted upon tbi-, inJ "^ 
rie<l round by fnction, so long as there is no opposing resistance. Wlion we Mi the wBtch.hoiveief,ll« 
central axis remains unmoved, and wc merely turn round the hollow spindle which carries the imaU- 
band and the pmioo. This pinion acts upon the wheel x, -which, through the pinion » and the wbrtl >. 
turns the hour-hand one-twelfth of the amount that the minute-hand has been moved ■ and thn. tl.'"* 
Pixe always made to turn conformably to each other, whether they be carried round bj the goii? of ** 



having for its object to give motion to the hour-hand. The 
wheel z is turned by a pinion on the ails of the centre- wheel, 
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.i^;<.-«>n by its didiod i^ .r^^ymt 



AF the end B of the crutch would sink ^^^^^^^^ driven bjr its poion /^ (h' d^^^^ «»« eod Cworfi 
bo raiseS quite clear of thein. The ^^*\i^-^^rnate l^cUjng ^nd disengn^^^^^^^^^ 
butts motion suffers interruption by **\^,*\*^'uf these depend upon the peodu ui t ""^ T^^^ 
pallets of the cruteh; and ^ the "V^^^l^'^ave^. ' ,u,, ^,. , '"'^' ^'^ ^^"•e of vibik. 

regulates the period in which the wheel ^voi figure, the j^ndulum ,'3 ^^ ^ 

In the position of the escapement f ^«^" *° i"„ of the pa let B. against wCtln^^ ^^'^"^ 
and to he moving towards F. Now the «1^^*^*^7 that tooth; and the 8can!Thl, !' ''^' *«>"' ^ ^»^ 
previously pressing, has disengiiged ***« P^"\ f^om <ioi«^ *^^ *^ '"^^''^ ^^^an the inZJ\ T^T^^'^J^^ 
liberty to move onwards. But it is P'^^^^'"^*'^ '^ the si>ace between 6 and « M ^^ °^>'*« ''^'^'' ' 
for whilst the paUet B was l>eing withdrawn from ^ ^\,eerH revolution ^..'j iTl'^^^'^^^"'^"^' 
into the interval between 2 and 3 ; <^o«««^"*;V T'-^./lIet C. But as the pen^.f, ^^?^ ^/ the fall of ti« 
point of tooth 2 against the upper surface o/."*^. P* ^ gij^ht backward fl"^^^^^^^ ^^J^'»°e« to sw«^ to 
t, the pallet C isltill further lowered ; and ** g''V^f^^,' ^^h/s backward '^f"^'*^ ^'^ ^he Mh which t.. 
-1 .1- } :* A ^„..«.,««*w frt the whole \rncei. ., . , ^ ^ .^ iioveinent termed the r«w.', 

the scape-wbctl, 
more back a^in, 
ofthepaJietC. TIk 
pallet is gradually withdrawn from the tootli tnai. j;«^;^ "i^^ "' V "; ;^'"« at Jast escapea Bui in (he 
mean time the pallet B has sunk into tlie interval ^fjj^^" ^?° ^ ' U ^?* Y^*^" tootf 2 has e^pi^ 
from the pallet^, tooth 4 drops against the ""'j^''-^'^'',^;,. m *" ai^in ^ '"''^^*''" '"^'^'^ "^ ^^ P""*^. 
which cominues until Uie pendulum has reached **»« P'f!^'^"./ ' X » ^"*? *^^ ^«^' «^ ^ ^^'^^' 
but when the pendulum begins to swing back towards i^, '^'^J^^f'^ ^fmied by the inoring power of 
the wheel, which tends to make Uie tooth 4 (now resting on pauet ^) p^ss that pallet toward* the 
lefc. When the pendulum has moved to E. tooth 4 escapes, as nad done before; and tooth 1 fidls 
up(»n the pallet B, as 2 previously did ; tooth 6 having m me mean time moved on to 6, and tooth 

The objection to the recoil escapement consists chiefl/ in this, that the impeUi^g power of the weight, 
communicated through the train of wheels, U acting on the pentlulum, by means of the indined wirficrf 
of the pallets, during the whole of each of its vibrations. Hence, any me^imlities in the mo?ing power 
are liable to produce a considerable effect on the pendulum, so as to vary jts rate ofvibratioo; and Midi 
inequalitie j are continually liable to occur from various causes.^ it was to avoid this source of error that the 
dead-' 





century, 

ment CO.- ^ , - ^ , -v - • r. i 

of suspension for its centre, and partly an inclined jplane. The construction and action of thisesap* 

ment are seen in Fig. 3751. The centre of suspension is at 4^ ; whilst A B and 

A C are the two legs of the crutch, moving from side to Mfs with the vibra- 375L 

tions of the pendulum, whose line of direction is shown by A D. The scape- A_ 

wheel moves in the du-ection shown by the arrow ; and tiie position of the 

whole is seen to be such in Fig. 3761, that the pendulum having nearly 

reached the limit of its vibration on the left hand, the tcx>th iias escaped 

from the pallet B, having just flid off the inclined portion of its surface, of 

'wrhich the dotted line 6 shows the direction. The tooth 2 now drop^ against j^ U^J/l i\ 

the pallet r, and the further motion of the scape-wheel is thereby cliecked. ^^vi '^^^^xC * 

1'he pendulum then begin:^ to vibrate towards the rigJit, carrying with it the i"* jS/\v 

crutch; so that the pallet B enters the interval between the teeth 5 and 6; -5l__v 

^cv'hilst the pallet C is drawn out from the internal between 1 and 2. During "^^ h' 

this movement, however, the scape-wheel remains at rest ; for m long as the "^^^^ 

tc)oth 2 bears upon the circular part of the pallet C, it does not eitlier ad- ^^Y 

vance or recede, and its moving power is not communiciited to the pendu- : 

luni. But as soon as the pallet has been sufficiently withdrawn for the d1 

ed^e of die tootJi 2 to press against the inclined plane, of which the dotted 

line ci's a continuation, the wheel is Jillowed to move forwards; and it communicates an impulse to the 

pendulum, which aids it in its vibration. 

Wjjen the pallet C has been completely withdrawn by the continued motion of the pendulum, the 
tooth - IS entirelv disengag-ed from it; and the wheel would move onwards, but for the check it re- 
c Jives oil the other side. WhUst the pallet C was l»eing withdniwn, the pallet B was entering the 
interval between 5 and 6 ; orinseqiiently, Justas the tooth 2 is disengaged from the former, tooth 5 Ub 
upon the upper surface of tlie latter. 

The pendulum, having completed its vibration towards the right, commences its return; and whilst 
it IS niovmg m that direction, the tooth 6 remains at rest, and the whole wheel is consequendr 
stationary, until the pallet B has been withdrawn far enough for the tooth to rest against the iDciried 
portion et its surface. When it does so, the wheel again begins to move onward, and gives the peodo- 
lum a fresh impulse, in a contrary direction to the firsL When the pallet B shall have been compietelv 
withrlrsfcwn, and the pen.lulum have arrived at D, the tooth 6 will be disenifaffed and will take up tlw 
position of the tooth 6 in Fig. 3751. ' 




that tlie wheel moves on. Its movement, therefore, as indicated by the seconds-hand, is a succe-»>in 
of jerks, very different from the recoiling movement of the scjipe-wheel of the ordinary clock. As the 
dead-beat escapement IS the one now universally adopted in this countrv for tlie best kind of docks 
whether those designed for astronomical purposes or for regulatort of time, "(such as almost every waidh 
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ur. 



«^ - this same wheel, when ej^, 
crown . ^"" „. .,^1^ rpvolves verti^A 



' — ~ • this same "wneei, ween ^ttj*yi 

evidently from its resemblance to » ^'"^^v ) obviously f^^^^'^^^'^^'ljjcafi^^^^ ^e waH (sup^k^ 

the iS to be i>laced on it« face or ^f^\^^ termed vertical \\r^Jl^epkueo(^)S: 

WeTatches Siade with this e«<^P^"^^^ ft is unde«tood in evory'^^p^stiil mnuf^tmdc, 

t^rprrnclple. wl.ich has its conveniences a^it^^^ ^^ ^^ I«ove^,eD^TaJtl^''^^^'^f.^*^^«-« 

pretends to rei>air watches, and is the cnea^c. u p^,i^^ ^^ thistttsaviSi 




One of the contrivances by which these objects are fulBUed^is that known as the duplex escape- 
ment, so named from the escapement- wheel having two seta of teeth on its rim ; the action of which 
will be easily comprehended by reference to Fig's. 3755 and 3756. A A represents the scape-whevl, 
which is provided with two sets of teeth ; — 1, 2, 8, <fec projecting from its sides, and termed the 
teeth of repose ; — and a be, Ac, risingr from the surface of the wheel and termed the teeth of impul?*. 
On the axle of the balance there is fixed a piece C P, termed the impulse-pallet; this stanck just aboro 
the surface of the scape-wheel, so that the teeth a 6c must strike the projecting portion D, when the 
wheel revolves. On the same axis, but placed a JittJe below it, so as to be on the level of the teeth 1. 
2, 8, (fee, is a small roller made of ruby ; this has a notch cut out of one side of it, as seen m Fig. 37.5i. 
The scape-wheel is constantly being urged, by its connection with the going-train, in the directioD frrm 
8 to 1 ; and consequently, in the position represented in Fig- 8755, the tooth a is just about to striie 
the impulse-pallet D. "The impulse being given, the balance moves round, and the tooth a esa^vs 
frura the pallet. The next tooth b does not immediately fall against it, however ; since, before it can 
do so, the tooth 1 has been stopped against the ruby roller. There it is held, during the vibration of 
the balance and its return, until the roller comes back into the position shown in Fig. 3755, which viJl 

* ■ " ' - - . . fall on the pallet D, ajttd 

Thus it is seen that tb^' 
which, in the 
in repose. 
Fig. 8766 is a perspective view of this escapement, the cogs a being placed upright nearer the 
centre, while the long teeth 6 are in the plane of the wheel ; hence arises a double action : f is tbf 
balance. This escapment is of English invention : watches having it are perhaps to be ranked next 
to the chronometer m value, particularly as regards the length of time which they will continue to per- 
form without cleaning, or requiring a fresh application of oil 

To this movement there are, it must be acknowledged, some objections. It is of verv delicate ct«- 
struction and if not made and put together by a workman of superior talent, the wateh is hable to 
stop in the pocket. ■' 

This escapement is not so commonly employed, however, as the one known under the name of the 
detached lever. This essentially consists of the dead-beat escapement, applied to the balance in such a 
manner, that a straight piece prolonged from the anchor or crutch, on the other side of its centre ^i 
motion, shall give a momentary impulse to a ruby roller iSxed on the axle of the baUnce, eadi time 
that either of the pallets escapes. 

Neither of these, however, IS equal in perfection to that known, after the name of its inventor, as 
Eanishaw 8 detached escapement This if the one at present universally employed for chrunoniet«. 
and the most accurate time-keepers ; and noUiing but the delicacy of its construction, and its coosi^aueoi 
expensiveness, prevents it from coming into general use. Its action wiU now be expkmed by thelidp 

of ¥i^. ^"^^^'^^J^JJll^f^^^^.^^^^ scape-wheel, the teeth of which. 1. 2, 3. 4. Ac, 'are 
considerably W^^^^^^ ^^^^^^^ ^,^.^^ ^. ^^^^; ^^^'g'^ '.^ ^^^ 

the st«el roUer or mam-pallet, which is fixed on the axle o/ the balance. This has a 



permit the noint of the tooth 1 to pass by the notch ; so that the tooth b may 

gvte the balance a renewed impulse just as its next vibration is commencing. 

teeth a 6 c are those which give the impulses to the pallet ; whilst by means of the check 

intervals, the points of the teeth 1, 2, 8 receive against the ruby roller, the train is kept ir 
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large 7«'=h^,^"*^°''-.»»'l'''«?'de of this notch nearest the tooth 1 is guarded by a tJiin 
plate of ruby on ™ the po,„t3 of the teeth strike as they pass it. The same arbor 

^V^l ?^.k Llevl^H*.''^*'''''' ha« a projection on one side, that life .he end 
E/. of th« J~'''°£i7?/.°'^det«"'t nejtt to be LSribed. This lever E E l»as ite centre 
of motion f */■ ;'2f™ ■' " """fhed bv a screw to a stud S. which is firmly fixed to ooe 




screw i, which 



head of this screw acts as a *top to the lever,' and prevents il Iwm 



/ 






.. ijg not Bu&f^^ 

brewing in 1. 1. On fte oU^er l.and 'f ^/o^^r^f ^^^^^^ 

towards the ends a a of the circular **J^-ratiire. ^i^^e straight bai- /S^ij- «<r.Sttji 

Un is changed by an aUemtion of t*?*!^ tbe ends of J^*'^ theWanCel?-- bu/Cj^^ 

changes of curvatLre. since they pa«^,"'* the rate at ?'»"t«Jri^ toae^ *'^' ^^^^^1^ 

them in or drawing tl,em out. is to al**Vrhe weight be »'^t.ill h^?^'«'«'-d^ta^Xf ,^T^ 

power remain the 1«une and a portion of t^^Jlt,* vibrati*ms wiU be reoj *«««« Aot (i« Mfre- 

ks it is by partly dra^f^Hut the. screws CO— ^^ .^^ g^,i^ "^•''^*'"? « cCZT'' '"^f^fT 

effect will te produced fy screwing them l^.„f°fter the point ha* ooce bee^^!:';!^ ^Ttf ^ 

sin.bleto altcfthe lengtfiof the balance-spnng^ "j ^^^^^ j„ bring 'ttotht^^^^';'^'^ 

vibrations are ixochronlus, or -"'y.^^^ler^ required by slightly altering tieT^'thUS^ 
Tantagcous to malie it go faster or slowei '^^J^.n^e screws. " '"""^ »6vai»i«VwK 

called, to distinguish them from the otbers,^^^^^_^^jj^^| ^f ^ chronometer 



temperature p.-odu<^„^ re7roro?six minutes 'P'^^^^Zr^c^.^byZZZT'^^^^^^'^ 
nom«tPr for 68° of Trrk,««i.«;t Thw irreCTularity is correctea o/ ine Glance ^ varyiug its diameiw, 

^ while the balls of a ^f^.Z ^a^\Z> act hv irravity and cenfnfugal force the effect is here mechankallr 

• Sauced fro™ thrdTffe^^^^^ «n5 «^-^'> ^.X^nt^nt?:^^^^^^^ 

change of tempemtu% thus Tarvini? the diametor, and consequently the inertia of the bdanceiDa^ 
corda^nce thereVith It mu^tX^ r^^^^ that no chronometer cm keep a uniform rate unless ti« 

tension of the balance-sprinu has an invariable ratio to tue 'nerua. ,. ^ , 

Heat renderR the haWcisprin^ a weaker, while the inertia of the compensation balance d is de- 
creased, thus compensatirtLi^lisf occaaioned by the relaxation of the spring. 

The compnsat^n balance, by which the error is compensated raaj be thus explained : TTie wmpeo- 
sation, as already observed, is produced by the variation in the diameter of the circle 6 The iniemd 
part of the rim c is of steel, while the external part d is of brass ; these are united by heat. caiisin?a 
partial fusion of the brass, and consequent unic^n with the steel The degree of expansion of thee 
metals upon application of the same degree of heat varies ; the brass expands more than the steel, and 
as it cannot release itself from this so neither has it the power of expanding itself in length, being re- 
strained by the steel: consequently an increase of curvature is produced by the brass forcing the steel 
to change its original circular form, the inertia or power of the compensation balance hence raries, and 
compensates for the loss or gain in the balance-spring- occasioned by a change of temperature. The rim 
of the balance is cut open at e, to admit of this variation in its 

form; the screws/ can be inserted in any of the holes y, and | 376I. 

according to their position in one or the other, these screws are I ^>^^ -r^l^ 

moved more or less in towards the centre by the increase of ^^t:^ N^/jA^Sr=i^ 
curvature of the rim before mentioned, thus contributing to vary ^ gA^ikT^^i^^^^ 
the inertia of the balance in a small degree, but admitting of '^^---wSSr^i^ifli"'^ 
original adjustment for this purpose— giving that finish to the «> ^«&ir>-^^f— v^ 

principle of this contrivance on which the exquisite accuracy of 
the chronometer in great measure depends. This principle of 
compensation is the same in all watches to which a compensa- 
tion balance is applied, viz., to those of the duplex ancJ lever 

oi^ , • . escapement used in the chronometer, as seen in Fig. , 

37(51, is termed a "detached'' one, which means that the vibrations performed by the balance are nearly 
detached from the pressure of the motive power during the greater part of iU arc of vibration; one 
great advantage is, that it requires no oil This escaoement is o£ French invention, but improved by 
Juiglish artists. ^ 

These are the principles on which the excellence of a time-keeper depends. In their application to 
JM-actice, however, every thing depends on the perfection with which the machine is constructed; and 
tne minuteness of the conditions required for the ffood going of a chronometer may be judged of from 
^f n o 7i • r .''^ practical men are familiar— that, of two chronometers, constructed upon the same 
otW^imo^nnf i''K\?^"*-.f^'"^ ^ »" '•e«pe<^ts by the same hand, one may go very well and the 
^Z^Z^^^nlf/ ^^'*'^' "^^^^^^ *°^ discoverable ^iifference between them. In finally adjusting a 
d^Zf^T^^.n^^fV'r'^'' ^. ^^^P it exactly to mean time ; that is, to make it continue to pomt. 
it to ^[n or tA ?^1 If ^^^' ^^"^' «*^c«y to the correct hour ; for it is just as advantageous to a^lotr 
UierlTfi^Jj^vl r ^^^*'"*^? * ^y. p^vided that the gain or loss be rc^iar in its amount; ance 
^Pi^^ hTf r LvP iT° ^''^ "^"«^1 accuracy from that which the chronometer indicates. Thus. 
^ s^eKa dJv ff^-?/ "^T ^h'<^'» was set 86 days ago, since which time it has been gaming 

eeS or th?iL m^n^f5f ^?, *^^« ^^?"l«r. its whole gain luring that period will be (5 X 36) ISO 
w^hatl haveX rc"^^ ''"""tes being deducted from the time to which the hands pomt. 

Z^dTiB thJ^exml^^^^^ ^^i" '■*^g"»«r amount'^of gain or loss is called the rate of a chix>i,ooieter; 

ft" s iSi niW ^^l^co^^^^^ *t^ chronometer is said to have a rate of + 2-63. we under.taml that 

from TtsTatrevL tS ts^i^^o'^'V^I.^"^^ the instrument will ob^yously be ; but if it vary m^ 
to compensate one another «nrl^?,^^^"^^ ^ sometimes on one side, and sometimes on the other, was 
not be relied on, "lake the general average the same, the performance is bad. and can- 

-virliich it is exf>ofied the P^rts of a chronometer is considered, and the variety of disturbances to 

MXiust be remembered how^"*^"^*^ performance to which it may be brought is most wonderful For it 

w very trifliug a cause, if constantly acting, (such as a slight thickening of the 
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; me nour is bui">=- — y. ;,^„:«n!i 
leavor to make its action intelligiDie, •« j* is a very beautiful specimen of 'TfrnimDler viae B 
■n.c ?onn which will be described is that v.h.cl, i. adopteid in the best E"/!'* t~^ = j' ^tTflT^ 
adopted in the cheap German clocks. ''.^;^' a^e now so lai^ely employed « f " "^j'^^'by whicl lb. 
vcrv liable to get out of order. The difference consists, however, only in *\ ?PP^TJ^„ ;, oade 
BtrikiDg is regSated. as U> time ind number of strokes; the mecbaxusm bv '••.«* '^^^St^JSoa 
to strike tl.e bell is the same in both ca^es It consists of a t™in <>f 7''««'E,'"^JP"'n;Crie. moi 
by the spring contained in the barrel E, Fjg. 3749, which turns the fusee F ^« ^^^^i^ onito 
w^th it (L main-wheel e, which hao 84 teeth ; this driyes the pinion;, of 8 I'^^'^^^'^Xmof 
axle the pinusluelf, having 64 teeth, to th^ rfm of this pin-wheel are 8 pin^ 'S'^,.i^ l^«^h pin, 
Tby acting on its tkil / when the train .8 in »*iotion. The Ihammer being gradually ^«^y "^STitS, 
:. I !„., 1^* „„ Kv !t .nH ia made to strike tV,- . „ . ,,,. .„^r„ „ The pin-wheel drives a pin odj 



jn lis laii t wiicu luB i.»"" --." ---"lion, ine naaimer «^"a 6-- 1' , jj__. ninni« 

go by it, and is made to strike J^^ ^^ ^ ^^ 3 ^ng u. The P}^'^l^f^!':^^\^iu^ 
01 o i«.»vc», which carries round the pcUlel-vfA ee/ ^ of 66 t^eth : as the pm-wheel has «^ ^^^ ^,^ 
the pallet-wheel pinion 8 times for each revol^jti^,^ ^^^^ ^wn, consequently this pinion ^^ ^^^ 
lution for every stroke of the hammer, an urraiigement of which the use will ^ P!j^oVL\tDd 
Tlie pallet-wheel acte on a pinion z of 7 leav^es, on which is the warning-wheel /* ol 4» J^ »" ^^^^ 
this fast turns the fly-pinion t. The object of this part of the train is only to eq^aiae ld ^^^^ 
which is principally eflected by the constant resistance of the air against the surface 01 "Jf P^ ..J. ^ 
♦K« (\^r\ x^'h\nh la whirlAfl vprv ranidlv round bv the hiVhest ninion. If it were not for uib »""V*^ 



the hammer, 
going-train, i«l 



The Striking-tram remains completely at rest during eacli Hours movenieui. ui »*- ^ "The mode 
is onlv allowed to act at the conclusion of one hour and the commencement of the nexu ^^^ 

in which it is restrained in the intervaU, and its action at the proper time I^.™i»^J^^^ """ ulitoated 
wiU now be explained. The mechanUm by which this is effected is shown m l*ig. Sio- ^^ 
immediately behind the dial. The axis of the centre-wheel, as ^nfSL 

already mentioned, is prolonged through the dial, to bear the 1 

minute-hand. In the strikiug clock this also bears a small "wheel 
a, wliich gives motion to another wheel 6 of the same size and 
number of teeth ; hence this wheel, like the former, revolves once 
in each hour. On the centre of this wheel is a pinion of 6 or 8 
leaves, which turns a wheel c with a hollow axle, moving on the 
same ceulTe as a, but at a different rate, as in the watch. This 
wheel has 12 times the number of teeth that the pinion contains, 
and therefore moves at only l-12th of the rate. To it the hour- 
hand is affixed ; and it also carries a peculiarly shaped piece of 
metal d. which is called the snaiL The edge of this snail is cut 
into 12 steps, eacli of whicli is a twelfth of the circle of which it 





furnished with a prqecU* 



seen at o. resembling one leaf of a pinion. Tliis works into the teetn 01 ine rack in ?**^ * ^^J^QtioeL 

as the axle turns round, the rack is gathered up by it. to the amount of one tootti lor ea ^^^ 

W'ben the machinery is in the position shown in the figure— which it has during the 7"°*^" ^j,g ^ 

striking-train is ut rest— a projection on the gathering-pallet rests on a pin which P*^-!^. ^^tioo Im 

as seen at r. It is this which keeps the striking- train from acting; for, so long as this P^^nn^ 

the axle of the palletwheel bears upon the pin, so long must the pallet-wheel, and consul j 

wliole remainder of the striking train, be prevented from running oa *k ♦ il of thele"^ 

IJut when the time of striking is nearly come, the pin on the wheel h acte on the ^f^ , ^hjeh 

n «> /« ; the end q of which raises the lever k /, and consequently lifts its catch out ot "*^, "^j^ to f.il 

is thus set free. The spring t, tht'refore, pressing: upon the projection ^^^^ /» *^"^ j" :«« (he 

tc»wards the left; and therefore sets free the projection on the gathering-pallet, by '^*'fj*. jTu ver« 



WATGHMAKINO. 



ordinnry repeating-watclics are maHe, not to strike the hours rwiilnrly, hul merplj to Indicitf thfm 
when tfesired to do so. In order to efli-ct this, it i, not requisite tbit llie y"<ub should be furoi^W 
wilb A Ft-cond ban-el and fuseo with a. distinct atri king- train of wheels, for it is en^j in applj »i""" 
■uffirient to produce llie atrotes every tinie t J^at the walcli ie applied to for tl)i» iiiformat»i«. IW»" 
usually «<-compli,hed by pushing in tl.f pend^..,^ „, projeclin^ porlio" '" ^^''"^ H>e chain u jltitW; 
and by tbis a cpring » comprestied, which sets ,„ action the m.-chsni«rn that produces Ibe ■truku Tie 
number of strokes is regulated by a snniJ. resembling that employed in clork^. The ordinarj repeBlmg- 
■wulches are still very eomplex in their eonatruction ; and we prefer descril.iDg one invented some jtirs 
ago by Mr. Elliott, of Clertenweri, in which 11,^ number of parte is greatly reduced by Uie CDn,b«u\m 
of several into one. Tlie striking portion ol this wnteh is represented m Figs- 3763 and 3<fi4. Il( 
most imp.rtant part of it is o flat ring or ceit ^elesg wheel of nearly the same Jiam,-ler with th» w^ld^ 
supported in ita place so as to admit of o circular moUon, by four i{r«"''e<I PuH*^?" ™""^ '" ^' ■ 
circumference. In Fig. 8763, A B represents tht- p]ue to whi4 the dial is attached ; and (he flat m? 
C D, with the rest of the striking meehantsu^ jj^ between thia plote and the dial The fmii pullr." 
are seen at E F G H. This ring has tcetb out j^ ^^^ ^^ ,^^ ^^^^^ ^j^^ j ^^^,i („ ,he peoinl. 

and the melt may be thus turned by tlie *'tieel a to which motion is giifen by turning the Da*l«"t 
At the lower part of this ring ia a series of jjrojecliBg pins, which, in the position shown in Fig- S'M. 
■et upon the prujeetlng pallet i ; whilst in li*«j liusiiiun shown in Fig 3764, lliey act upon (be jullM '■ 
or these, the former is ileetined to strike the Ijouia, aud the other the quarters. Tlie iulemal ti?"< 
the ring L* cut into two series of ilepi, of which tJie oae seen on the left-hand side of each figure omtiinJ 
twelve, and regulates the striking of the hours ; whilst the one on the right cootiiins only fi-ur, and rf?- 
ulatee the strihing of the quarlcrs. When the ring has had its position changed by tumioj Of jto- 
dant, it is brought back ngain by a eprinji contained in the box or barrel V : the action of this spn^ " 
communicated to the ring by a chain which wind, off the barrel, passes between the pulley* U aoJ ^ 
and ia attached to the ring at X. Hence, in whichever direction tlie ring ia turned, the chain mil w 
drawn off the barrel, and the spring put nil the stretch as sctn in Fig. 3704 ; and the elasticity of U» 
spring will tend to bring back the riug to ita previous poaitiun, shown in Fig. 3763. 



The regulation of the number of -trokes is effected by means of a ■ 
clock. A I in either of the figure- is seen the qimrter-snaii, placed o 

as to revotve every hour, anil cut into four steps. Tlie nurrn a.le camVs a projecting piece I'Wa 

nets on the star-wheel 1. FIr. 3784. in Rueli a manner »9 to pu=h it on to the amount of one-twflftl. »!■ 

circle nieacn revolution of the minute-hand; consequently the whole star is made to turn once m l» 

L^ t'.u"^ . "'''' ''''^'■' "^ ««»ched the hotir-anail, as seen in Fiit. 37B4 ; the common (toot M 

which they turn is marked nt L, Flir. 3763. Tlie hoi.r-cnail acta upon the bent lever POQ. wboseo* 

S^ ,-,^» T '\t ^ ■ ""'' ""^ ^"'* P '» "'""ys kept narainst the step of the snail by the -prmg «« o 

Fig. 37B3. In the position in which the lever ia there shown, tlie snail having been removed, th. "J 

« or tlie lever is pressing apninst the la<>t or loweat step of the flat ring, and rimsequently the nnir aa- 

not be movert But supposing the end P to be lifted by the snail to the 2d. M, 4th. or any oilier 'if 

tho *n<l ^ wi 1 be rai-ed b> exactly the same amount, and will permit tl>e ring to be turned fr«n nehi 

to left, until It ,« slopped by the contact of Q with the corresponding step of the ring. In eiaetly lb. 

same manner the quarter snail acts upon the steps cut in the inner edge of tlie ring at *, by in«iB «( 

the bent lever S R T, whose centre is R -^ b 

I*ow when it is desired to nscertain the hour, the watch is held in one hand and the pcndinl imeJ 
from "gl't to left with the other. This cau'es a corresponding motion in the ring ; and ever. pin. as" 

K9»es tlio pallet , gives nn impulw. to the hammer: which causes a stroke upmi the eoun.lit«M' 
,e exte-it to which tlie rin^ may be turned, and consequently the number of pins allowed I" P«* " 
pallet depfflids upon (he p.,sition of the lever P O Q ; R„d thil as just eiphiin^, is determined by ibe 
position "ftl'" ""''■ Hence the ring ia slopped juit when »a many pin- have passed tho paUrt ««■ 
reRpon<l '■'"'"" step of the snail agninst which the end P of the lever is resting. After the hours biw 
he«,. struck, the ruig ^ brou»rl.t to its original ™»ition by the spring contained in the barrel V, and 0* 
pendant ma) then be turned in the opposite direction, ao ns to caif-e the other set of pins to art iip« 
the poj'^t t and lo strike the quarters. Its motion in this direction k governed by the pueitio" <* ^ 
ever 8 R T. of wh«-h the end S rests upon the quarter-snail, whilst the end T checks the step "'' " 
the ring "t ^ In the pflsnion represented in Vig. a-J64, the ring has been turned as fiir as pm«bl'« 
thia aircclion ; for the end S rests upon the highest step of the a^l, and has b lied the end T « !%-l 



This closet in ita action is perfectly silent, bm the metal-flaps fivll vithoat anise (gainrt the ^"^'^ 
bar tube. It is aleo free from all compltcatioTt ; and » fresh piece of iDdia-rutber lube, it e™ "■w™. 
■will make the closet as good as new. . ^ 

WATER-METRE— By W. H, Ljkdbat. Tha invention of an imtrament Hat will, <m iMpctwi 
show accurately tbe amount of woter evapOT-a,ted during any gi™ii lime— iB, for instance, during i '■>)- 
age— by a Bteam-boiler, is a desideratum wtoich has long been iouglit after. 



The water-gage represented in Figs. 3T69 and 81-70 is the invention of William a IJ"^"^'^ 
StructinK-enginPer, New York, who has, after a Inrf^e outlay of time and moncv succeedeil in pralin* 

. ,i.„-«hleandcrttlr.lir«.^,.™.» i„.. -.-t, and is the only one jet brough't into practical "l«r'^ 

;en BubiivtBH t.. .I,- — .1 ituimiicrli nnd reDeated in-iB," 



a Bubjected to tbe — -' 'Voroiigli and repeated 

^ -- fuiHhed ungineero I ' ' "" ' 

Nftvy Department to ezanaioe and report upon ito taerits. iln 



der tbesuportlBlooofmsnyof our most distinguiahed unsineerx 1 -ard of officers appoii"*^ ^^ * 
r..,„.,.,„„ , . . _ __ .. s . ^k place aa^.tl*ib«» 



WATEE-WHEELS. 



ia almyaapiJicftble, Mid preaents none of tlioge of^i^tructive objeda^cauwbuiiutniiltaiiuaftiit 
introduelion of technioftl improvements in bjdraulic machinery. Una hu, inde«^ ],(„, ukjmleiai 



tiges ; but examples in vhich it has been diHregarded— posaiblj tbma^ igDorioce tj _ 
have fallen under our notice very recently, and in more than one insUoce ve^ (uU, jfliutrUed ikt 
danger of dealing with hydraulic power on mere (unpirical rules. 

When the wheel ig wholly coostructed of iron, the buckets are usually aupported at tboir (itrambB 
on narrow tlangea, east of tbe intoaded form upon the inside feees of the aliroudine, ind Hrured In 
nmall bolts, (usually half inch in diameter.) for wbich the holes are cast in (be laivet^ ud bon<i n tli 
bucket- plates. Tbey are further supiKirted upon each other by intermediate (lay^ tart Bilh plnH d 
opposite curvature at their extremities, to meet the iolerior and exterior larfacet o! the baiot nhA 
they are intended to connect Tbe details ore fully illustrated in F^ 3783 to 3795. 




v.^^'lJ^^'i'I* remarked thai, except in the undershot-wheel rf Ml Poncelet no iHempt to 
hitherto be™ made to pve the huctets a definite form with reference to the action of the wila aiw 
"""■ — ' "-' ■ ■ ugHbdm 



them OD its admtst 



?.™™S!^^^' "^ f^sibly under the ajslem non- generally adopted, of introdudngKbit 
■„^H Tk nf mn " "" '™"" " ''««"-pre3,ure m can be obtained, i>naiatertly with th« nJum K.K 
.^r'iL.w.„lt ^f""^"" '"*"'"'£ ^"''^'"snt into thecalculatioQ. It may, howe«r, be rourtflJ 
lh»t, ID Binctoess, when the water is dlowod to fall simply over the lip of the bucket, the cum »sbt 




L@ msm 
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^ .^ ' *u IK. ^oi^^ilnr of efflux would be mcreased often to such an extent as, witkiifc 

muUted in the course, the ^«1^^,^ ^ver the buckets. To preyent this, and. at the «ime time, to take 
precauhoD, to tturow Aejate^^^ ^le water, the spout is pionded with a cpvcr inclined to the aii. 

advantage of the mcreasedimp^sc ot ^ ^^ back-plate of the shuttle. The spoat has thus the 

of the on6ce and connected, water-tig/^^^ ^^^ ^^^ converge towards the «tr«mJhr JZ .«,!« of « to 
outline of a truncated 



7 degrees with the axis, 
mediately in advance 



^^^':ft:^^^^\u^:^ fd^ein,pnEe>V^-^Tn^:^^^ 

STS^TmotiSn SJX^^SnpeUed, its value becomes an increment to the force of gravUy of the 
wat^ aS^r B^reSenrecono^^ a power which would oAerw,^ act iniurioosly in projectiiy the 
water bevond ^e nroner rknee The honzontal dimension of the orifice, under this arrangement, and 

r^iiUirwhe^Si^T^^^ - '-^P'tlk^'^^e^t')^''''^^^ 

anJthe height perpendicuUr to the axis ought not, m general, to be more than four mches, and it b 

almost always better to be less. 



3805K. 



3798. 



3801. 





This form of snout is represented in Fig. 8774. It has not been in very general use in this coimtiT, 
Although examples are still m^t with ; but it is still yeiy commonly employed in Europe, espe- 
cially m France, where it bears the significant name of " duck's-bill." In some cases, also, the spout is 
attached to the feed-box or small reservoir formed over the wheel in some works, where the water b 
brought forward from the main dam by a large pipe or covered conduit passing along the sur&oe of 
•ome intervening ground situated on a lower level than the summit of the wheel, and sometimes entirely 
under groimd, when it is necessary to keep the surface free of interruption for any particular reason, m 
the crossing of a road and the like. In this Arrangement, there is always a certam amount of loss « 
head incurred by the passage of the water through the conduit, which must be taken into account in the 
construction of the wheel The eflfect of this diminution of head-preasure is to prevent the water from 
rising to the same level in the feed-box as in the reservoir; by diminishing the force of the current ; and 
this loss, which is also -.--•' ., . . • ^- :*i.^,* 

any compeDsatiog adv 

deducted from the h&ight ^. ^^^ .. „ v.^ «««««„— ^^ ^ ., 

The natural situau'on for the opening to the cSvert for carrying away the tail-water is on the side 
opposite to that at which the water is received by the wheel ; for, in that case, should the lower arc of 
the wheel dip, which it almost invariably does, from the desire entertained by the millwright to ecfloo- 
mize the fall as much as possible, the run of the water will impede it less than if its moUon were op- 
posed to the motion of the wheel When the wheel is kept entirely above the level of the tail-water, 
this an-angement may, of course, be reversed It is then immaterial at what point the culvert openj 
mto the wheelpit, except that the water wiU rise higher when the direction of its motion is changed 
from that inopressed upon it by the motion of the wheel, and consequently a greater amount of Uil- 
clearance naust be aUowed when the escape is retarded by a change of movement This is. therefore, 
always avoided as much as possible • but in situations where the lead of the water is determined by 
circumstances of locality, and the direction of the motion of the wheel by circumstances <^f oonvemcoe^ 
•we commonly find that when these conditions conspire to render the common arrangement inappUaWe 
coDSistently with economy that instead of the water being led over the summit of the wheel, it is thrown 
upon that side to which the current approaches, the spout of the shutUe being deflected suflBdenUy 
backwards to reverse the motion of the current, and direct it upon the circumference at some distance be- 
low the summit It is ej«»ir fr* rw^r«eive that undo: this arransrement which at first was resorted to 



WATEB-WHEEIiS. 






^^cieot *'^^»;5**ined by experiment = -007. If, therefOTe. U be tht «fcdt, 4, ». 
•J^^uice. «»d ^ t^ the totSwi upon the channel, the ultiouto »d«Uj ^ ta„. 

eceasa'T'^ "^"lark that this is odIt an approxiinalioa, which, howerer.mj Uo». 
Itis lyco'^fr-'^'" ^" prscticij purpoBeo; aod If greater ei«rtoe» be desired, lie nil, rf 

.iAere-i ,y be sutat.tut ed f,^ „ ^„^ ^.^ ^quati-jn resolved anew for a Dearer niDe rf V, 

Sr,i,u, jf A can o^ »»a*>*iified at pleasure ui making the channeJ, it le of momeDl that ILot al- 

AbW — «-tside«dI!'f^*?«s to determining the po«Uon of the ahutlla If the chamtl be ilrajj 
_,i„aona ^f^ U -wish^'l.'** <J etenaine the quaatitv of water flowing in it, this may be da» with lufi 
Tiisliog. *°7 «■, by fin°"'K **»« aurfsM Telocity, and multiplying it by the mean erosMMtiimil »«, rf 
^t <»«f^^flftbB "f *" ^*«»*»«Jty thu. found will be very nearly the actual quanWj floricg ii ihe 

"b^nnei. -ithoug*"''**? ^P^plojed, and without material error when the quandtj of 'wilei Bom; 
^is """•*' ^,d the velocity not great, is not to be relied upon when iin»e than a rough tfpmm- 
iB considerawe ^^ ooni«^»«a it is of importance to determine exactly the quantity of wiler sppfW, 
(ioo is **■* nuil is paid »*■ the power, when lesling the efficiency of a wheel, or deleraming the pg»o 
^ wbeo a "* ."pel certaia kinda of machinery ; ■" tli"« "id analogous cases, we must hate itexm 

„~>nasar7 *" .€il.nliul»- "W'hwn t.ho •nrfo™ nf 



neooD"-— J -nte iot"»*" — : ■- •-^■j uiHuuriaceoi tne su-ej 

to nmreftccuru ^^^^^ the croea- section ie nearly uoifor 

of the channel. ^^ employed with cooBiderable confidence. Let U denote the mean jekatj K 

of M. ac '^■7"<joh '» wusUt to be determined ) and V the surface Telocity measured by • float in tit 

.^- ..,».ni, I^^^^^^jQ_ bol» reckoned iu foat per second, then 

V + 8-92 -^ 
^ple— let Ote iixrfeco velocity be 6 feet in a eocond, then will V + fl-B = ll* and T + S« 

= ""■ V + M„>i| = .s„,,h,„,„,, J+?:5?xV=»24X5=4«f-l 
.^^ 8-9 la » V + 8B2 

■ Ab surfw* velocity of the stream being 6 feet per second, the mean Telodly U ia 41! IK 
that IB, w . ■,, being muIUplied by the sectional area of the stream, the raanit will be the Toliuin 
ind this :=|^"'i„ a second ; and thiefore, 
of^terflowmg Q = 60 S X T, 

■11 !.„ tl,P auanlity furoiahcd in 80 seconds or 1 minute. 
"!L _r i J'aiuina power m a moTing Tolume of water is obviously proportional to the doanlitj <if de- 
Th«. ""f °[^D bSms ; . when, therefore, the motion is uniform, and i nSher retaHed nor .ccelBaWl 



""^i '"r'J"; nf Biivitation, it ia manifest that the whole weight of the water is employed in oi 
hy »^^ i?"!, 'esiatance offered by the bottom and tl ' ' *' ' "- 



;iveD space ; 

JheTrictional n _ _ „ „ „ 

"'^ ut^'thrphine when the length is giren, or as''thB fall in agtven distance,*^ The reiaidiug fara, 
he«ni y'^f^g aie rehitive weight, muat therefore also vary as Ihe fall, and the velocity, whii a u 
V miie root of the impeding influence, must he as the square root of the fall ; and supposing the 
uA iiUc mean depth— that IB, the depth which a current of^water wouU take if nprcad ont npoi i 
?'• t-l surface equal to the bottom and aides of its channel— to be increased or diminished, the is- 
r tion remaining the aame, tho frictioual resistance would be diminished or increased in the iimt 
"tio- and therefore, in order to preserve iu equality with the relative weight, it must be propartioo- 
S» increased or diminished by increasing the square of the velocity in the ratio of the hydrauhc mesn 
j^Jth or the velocity in the ratio of its square root We may, therefore, expect that the vebatiu wili 
be CJOTJoiotly as the square root of the hydraulic mean depth and of the &11 in a given distanca, ot as • 
mean nroporliooal between these two lines. From this reasoning. Eytelwein and some other wiittn 
^ hydraulics, have dodoced roles (or deUrmintog the mean velocity of lai^ bodies of water. La ) 

denote the measure ot declivity, snd rf the mean hydraulic depth of the current, then lOOv/j'"' 
Gznress the resulting velocitv m feet per second— showing that, if the rate of descent were only ooe in 
100 X 100, t*"* stream would acquire a Telocity represented simply by the square root of the hy'''*^ 
lie mean depth. If /denote the fall in feet each mile, the formula for the vclacity will take the ten 
100 11 

Hence, the velocity reckoned in miles an hour is expressed by 

n 15 _ IB 
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- — ' \ T J 1 -R «nti«t be fixed vertioallr in the chaonel a fetr ranis u 

The notobbaard being .^^T^;^^^h™?etel of tb^ edge ^ /of the notch. ^ewaK 
Tn« "^ _ ^ftrk n upon it at exactly ^n« *X!^^ _ .,,^„ fh« rod B be curcMviwrfA^ ;« ^l? 



]>Bpth of Uie,tabic feet OT wilflr^»c i^ p' »-«< 
upper edge of^diacbarged in a mii>.g»*«^n'^wj 
ST wi£te- ate bjr ereiy inch oCiJj'JL'?."* 
board below the ioicb, w^rf?!*^*^'^'' 
the sorfcoe, Wlnj^^ D" B««*^ M^^i^Sl'^ 
incliee. /muia. Wmeaton. 



rphp notcn-ooaru *— -o .7— - ™-o<Jv tbc level or tne cage cc# wi uuo in/wai. joe water ben? 
^ ^f^A\^'^ » "^^'^^ ? ^^♦K^ i^L^t Mlpth « m upon the rod B be care%iK,ted in n^ 
bind, and 1^^^ aeecend in ^*^«,^f «^^^* '^ ^f ^^^ table the auantitjr c(4«pofldii].toS 

Si^n S fro4^ the second o t^^ ,h, ^,,,, Xfth in iocbe^S Sli:? 

S^ <>^-^^H^l^q-^^ So^wf^ tSi|S^ t^^ ^tcb in^cu&c feet per muiute. 

^m be the ^^<»]^JJh from w to n on i:kk^ rod B be 16 r— -~-_ 

Thus, if the d^PrSj of the notch a 6 be 7 feet == 84 ' ' ^^^^ ^- 

inches, and the ^^T^ding to 16 inches is 258 cubic 
ioches, tben co*'^®*{%oluinn, and which multiplied by 
feet in the *®^^ *,ic ffeet as the whole quaiiUty pass- 
84 gives 21 6T*^ ^^.^ in a minute. 

injr throngb the "^^laponding to 16 in the third column 

^eqnanUtycorr^K;^^^i^.l^ multiplied by 84 gives 

ia 27-413 cubic leev,^^ supply per minute, which is 

2202*7 cubic feet •^^gjs of the result obtained by em- 

S5i cubic feet in ex ^^^^jj^^^ rpj^jg discrepancy arises 

ploying tbe sec ^^^j^^n being calculated for weirs 

from the ^^""^^ more water in a eiven time than 

vhich discnarg their offering less impediment 

notches, ^"^ **^"f t^e A^d. A weir is a wall buUt 

to the ^*^H ^j^y masonry across the channel, w^ith a 

generally 01 e gj^^^j l^orizon tally on edge along^ the 

parallel pl^^^.^ ij^jj^ plank is termed the w^aste- 

top of ^®, Sje vater flows over it along the whole 

hoard, 9XsA «»v,Bnnel, and thus suffers no lateral 

u— oilth of the cnanw , _^ .. ^ ., ^ ^.^ 



1 
2 
8 

4 
5 
6 



notcn oe ^^ coliini^ ouRht to be employed, since 
channel, in« -ircamstances the conditions are strictly 
under *l^®^\^'|J\jje notch may be called a weir. 

analogous, ft ^_pcediog table cannot be conveniently 
^i^T he K af Q. the quanUty of water di^ 

appliea, vu ^ ^^y^\^^ will be found very nearly from 

the expression, 

Q-=:200HLVH, 

hich H is the heigbt m n of the surface level of the water above the sole ot the notch, and L tlie 
,^th, all in feet Thus taking the example given above, we have H = |fL, andL = 7ft, therefore, 



7 
8 
9 

10 
11 
12 

13 
14 
16 

16 
17 
18 



0-408 
1140 
2-095 

8-226 
4-607 
6-926 

7-466 

9-122 

10-884 

12-748 
14-707 
16-768 

18-896 
21-117 
23419 

26-800 
28-268 



• 0-428 
1-211 
2-S26 

i-m 

4789 
6295 

7-93S 

9-69S 

11-664 

1S-5S6 

17-805 

22-437 
24-88S 

27-413 
80-0^4 
82-710 



4 4 

Q = 200X-Xlv/3= 2166-3 cubic te&i. 
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To find the mean curve described by the lamina of fluid discharged upon the circumference oi the 
wheel when the water b oorried over its summit, it is necessary, in the i5rst place, to determine the 
r^ocitv of the fluid vein at that point Its rate of descent from the horizontal ]xq» mn,'m Fig. 3S0S, 
mav then be assigned by the following method : 

Let u designate the velocity of the water at the ex- 
tromitv of the course, and a the angle, which the direc- 
Son hoard of the spout forms with the horizouUl line 
m n, and which expresses tlie deflection of the line 
/lArmtinfi- the velocity u from the plane of the horizon ; 
Sen the curve described by the sheet of water will be 
expressed by the equation 

v= — ? — ^4-«tana, 
y 2 1*» cos' o ^ 

hein^ the abscissae measured upon the horizontal 
nlane tolten at half the depth of the fluid vein, where 
8ie mean velocity is u ; and y the vertical ordmates referred to the same initial point at fs. 

This eauation may be expressed verbally thus : 

To find the ordinatea of the mean curve described by the water issuinir upon a wheel from 




shuttle. 
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That is, to find the feU in 100 feet of length of the chimnel. multiply ^942 bf the pen veiodiy U; 
add to the product -00444 ; multiply the sum agaio by the ▼elocity, and the prodoct bj the pcriortri- 
eal surface, and divide the last product by the transveree aectionaJ area of the channeL 

Tims, if the quantity of water to be brought forward be 40 cubic feet every second, in a diiDodrf 
18 feet width, tbe depth of the water not to extend 2i feet, we shall have, 

A the area of the section = 10 X 2-6 ft = 26 sq. ft 

40 J 

U the mean velocity = = 1*6 feet in a second. 

25 

S the perimetrical surface = 10 + (2 X 2i) = 16 feet ; therefore 1= -I x 1*6 ((HK)W2 X H + 

-00444) = -0585 feet, the faXL in 100 feet of length of the channel. 

This rule, at least the latter part of it, referring to the inclination, mav be dispensed with vheo the 
channel is short In cases where the whole run does not exceed a length of two or three hondred feci 
the bottom may be made quite level, as the depth of the water in the channel will gire sufficieot £iO 
for the velocity required, provided the area of section be made of ordinar)' magnitude. 

Equal care is usually necessary- in the construction of the tail-race as in that of the lead-nm; fcritk 
of quite as much importance that the water leave the wheel-pit freelf , as that it be brought Ibrvaid 
with as little loss of fall as possible. The same rule will apply in both cases ; but without Gome jiii^ 
ment in the engineer to apply it, 'with allowance for sinuosities, it is better to err on the side of excess 
in the case of we tail-race, than to encounter the risk of flooding the wheel in backwater. 

The quantity of water to be used being ascertained by the preceding methods, the capidty of the 
wheel may be readily determined. If q denote the volume of water flowing in a second of time, ^ the 
distance between two buckets reckoned upon the exterior circumference of the wheel, and v the rdodrr 
of those points of the circumference, it is evident that in one second there will pass under the tpn» of 

the shuttle a number of buckets equal to -r, and consequently that each wiU receive a volume of viier 

equal to q divided by —; that is, =zq-~. But it is manifestly neoessaiy that the bucket be capable of 

containing not only tiiis quantity, but even a quantity about three times as great, otherwise a porticD^ 
the water will be spilt from the buckets too soon, and without producing its effect upon the wheel If 
/ represent the width of the bucket, that is, the width of the wheel wiSiin the shrouds, and i ilteaitt 
of its transverse section — ^more correctly, the area of the section of the mass of fluid whidi it cootains it 
the moment it passes the jet — < / wiU represent its capacity, and in relation to the section of the toebt 
itself we shall have 

^ = 84=180^ = 8-^ 

M being the number of buckets in the wheel, and N the number of revolutions which the wheel nahs 
in a minute. And since 
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rf= -V?— and V = — - — , therefore / = 



which is the width of the wheel when Q is the volume of water to be employed upon it in a miiiDte,iBd 
when it is expected to realijse the maximum mechanical effect of the water. 

We proceed to establish the values of these symbols from considerations involved in the noAa ope- 
randi of the wheel; but for practical purposes, we may remark that^ with slight variatioOi 1 naj be 

taken = J square foot ; / = 45 -^ and M = 2-88 D. 

N D 

We have already seen that the whole dynamical force of the stream of water employed in imDellir.f 
a wheel of any form is expressed by W H ; but as the whole height H can in no case be rendered effec- 
tive, we have found it necessary to affect this product by a coefficient m, which is always a pn)per frac- 
tion, expressing the ratio of the force expended to that realized by the particukr mover. To ascertain 
the theoretical value of w, which often, however, differe considerably from the actual valnc. let us tak«, 
i?. oni? 1 V^S®* the overshot-wheel, as the simplest case which the problem presents. Referring to 
Fig- ?7 <4, let the horizonUl lines M A and F B represent the higher and lower water levels; the verti- 
cal distance A B will then indicate the entire height H of the fall If we divide this height into thre* 
parts— A c the part comprised between the higher surface of the water and tlie point where the streta 
strikes the ^heel ; e D equal to the height of the arc of the wheel, wliich maybe considered as filled 
iKrith water ; and B p the distance between the point at which the water may be considered to be wholh 
awcbarged and the bottom of the fall— this division will enable us to particularize and esUmate the k»€S 
'^ w- ^^'^^ P^?^.*>«tween the several partial limite, and therefore between the extreme limits A and B. 
Wittun the limit e and D wo have the whole effect of the expenditure realized upon the wheel aw 
the whole volume of fluid acts constantly, and with its whole weight in the vertical direction, ii most 
real^e upon this part of the wheel an effect corresponding to the height through which it descends, and 
yield a result which, m conformity wiUi the notation adopted, will be expressed by W X c D. TTk 
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over the whole length of the arc h k. Generally, indeed, the mean is tbe arithmetical mean distiott 
betweeq h and A, and may be expressed by a + ^2. If upon A B we take e at Roch a heiehttbu 
horizontal line meeting the circumference of the wheel at a point equidistant from A and it^eo viU 
eB be the total loss of fall arising from the reversion of the buckets ; and the wheel will yield tbe sBne 
result as if the entire water, instead of being gradually dlschariged between these poiots^ were carried 
down to the point e, and then instantly thrown from the buckets, llie arc below that point may there- 
fore be regarded as entirely empty, and producing no effect ; and to designate its relatioo. ve ha?e <B 
equal to the versed sine of that mean arc, of which tbe semi- diameter of the wheel is the radios- and 
therefore putting D to denote the diameter, we shall hare ' 

« B = 4 D { 1 — 008 (a + i 2)}. 

It may be remarked that the angle «, which the surface of ihe fluid makes at tbe commenoemeot of 
the discharge with the front plate of the bucket, will depend upon the volume of water in the bocketa 
as well as upon the form ancl dimensions of these, both of which are, of course, either faiown 6omt^ 
rules employed in the design of the wheel, or may be ascertained by direct measurement 

It remains to determine the loss of head resulting from the centrifugal force prtxluced in tbe fimd 
filUMf the buckets, by the motion of the wheel This loss is sometimes considerable althou<rb not eom- 
monly reckoned among the influences to which wheels of this class are liable. M. Po^celet was the firrt. 
we beheve, to direct attention to it, and has established a theorem for its deteiminatioo. which ma? be 
said to complete the theory of the madtu operandi of bucketed wheels. ^ 

It has been ah-eady stated that if a body move in a circle at , 

a distance x from the centre, its centrifugal force will be express- 

ed by-w ar = - . -, when - is put for m, the angular velocity 

with which the body revolves. Now, since every molecule of 
fluid contained m the buckets of a wheel in motion is subjected 
to the action of the two forces— that of gravity and the centrifu- 
gal action— we may confine our attention to one such molecule e 

of which the mass ^ may, for brevity of expression, be caUed m. 

If e ip in the annexed diagram, Fig. 8809, represent the force mg 
llF^^Vc^ ^^"^"fl: "^^ '9^ -measured in the direction !i 

producing upon the^ol^ul^ Ve7ar 11^^^ ^ ^V we 

prolong .r until it meets the vertical line E O pi^Sig thi^^^^^ 

the centre C in O, this point wUl be such that C0= ^ and, 

aS^Kl '"aS^hf ^l^'u*^! P^"^ °^ *^« ""^l^^^l^^. ^d the' 
^^ th^viHH ? '•esultants of the forces converging to that 

aCdVtlfd.'^ Tt's^a^^ofK^^^^^ "^^^^ ^ '^^ 'T^ 
lar to the direction orSfforce^wWch ^^^ *^^T P^^If "^^f"" 
that of the fluid contabed Tan th^ acts upon the molecules, 
lines nassino. in *Ka ,f • . ri ^ " ™® buckets will be SO to the 

T:^T&^I O & 4ntr:°^ ^"'" "^^'"^ wiU be an arc 

pr^l^ ^"dtaih^tSe hn X' ^ f^r""^ ' ^' *^^ ^^ ^P- 
Ll arrivfatTt wLnever^^^e^^^^^ "^^ ^'''^''' ^^ 

' ~- n^Ij? . , ™K®* s'^a^l Jiave come into the 




plai 



In wheeU moving at or5.« "T • • ^^' 
lanes perpendicular to Hnl^7 ^^7^,f the surface of the water m the buckets may be reganledae 
discharge, AE and A'KT^JHZ^ J^^™ ^'"""^ the centre O. On this supposition the tm-oaicsrf 
angle A E, is equal to ^ determined. The first, that is, the whaTarc measured by tbe 

. ^ . ,. ,», GAF = GAB+BA<' + rAF = a+;54.y 

m designating the angle /'A 1? — ^ OP 1.^- *!. ., ,. . ^^-ry 

ag perpendicular to a O ami T"- iXu^ ^' i ??'?* ** ^'°8^ equidistant between «' and t Taking 
'^-^ «nnnoRlncr >v^*u T. "?^ calling 6 the angle which the first of th««« lm«« m«Vao with thPtuMr««t 



A n. 
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over the whole 



mean distuoe 



WBuU »3 if th^ V.?^ ^ ^^^ *^ng from the reversion of the buckees ; and the wheel wfll yield the sai» 

down to th^l^^}"'^ "^^^'^ >«3tlid of being gradually discharged between the« poioti were «nied 

fore be re^rd^?* *' *??* **>ei, instantly thrown from the buckets The are below thrpSnt mjih^ 

equal toXv!l^ '''?*^^J^ empt^and producingr no effect ; and to desyjate its relatiW we hm e B 

therefore putU^ n *""!? ^^ that mean aro. of which Uie semidiameter oTthe wheel is the radios; and 

puiung D to denote the diameter, we ehall have 

Itma be eB = i'0{l—coa(a + iz)l 

*he di8c4r^e''l^?''!5f ^ *hat the angle *, which the surface of the fluid makes at the commeocemfnt of 

*« ^ell as UD^tLf ^^^^^ plate of the bucket, wiil depend upon the volume of water io the \jwk«^ 

'^ea emploied -^fJ^^ and dimensions of these, both of which are, of couree, either known from tha 

It rcmaii to H«7® ^^^ign of the wheel, or may be ascertained by direct measurement 
^«ng the bucket/ K*^*^® the loss of head resulting" from the centrifugal force prodaced in iheiisd 
njonly reckoned a^ "^ ® motion of the wheel. This loss is sometimes considerable, although not earn- 
^e beheve, to direT*^ ^® influences to which wheels of this chias are liable. M. Poncelet was the £m, 
••'d to complete ih fu^^'^tion to it, and has established a theorem tor its determination, whidi may be 

Xt has been aWi ^^"7 of the modus operandi of bucketed wheels. 
* wtance x fromih^ ^^ted that if a body move in a circle at i 

ed by !? . V, » ^^^e* i^ centrifiigal force will be express- ^ 

with Ju' . ^ff'x'^^^ti- 18 put for uf, the angular velocity 
fluid ^^" the bod * 

to t2i^^*'o«d inS^Ii^^^^^^^^ Novr, eince every molecule of 
iral^**^"*'' of the ?J;**^^«ts of a wheel in motion ia subjected 
^' ««t«on^^e mav^'' forces-that of gravity and the centrifu- 
o^ which #k I *^fi*ie our attention to one such molecule e 

^^ the maaa !? ^ 
If *fj5 ,Q ^, ^ ^^y, for brevity of expression, be called m. 

*^e^di^ o^'^'fi^ VerUriJ?^'*™' ^'S- ^^^9, represent the force m^ 
^rot thT **' '^Pres^lT* V ' ^^ ^ 7* measured in the direction of 
and mav JL^'''^^^Qt^ ^^ centrifugal force m ««ar, the diagonal 
**^ * new / ""^ffai^ded ^^ ^ ^^ resultant of the two forces, 
produciofl. ** '"^Pla -^^ representing the measure and direction 
proionfi. fJ^^^^ tb© ,!1^S^ the two actual forces ep and e a, and 
"«f «? ^ until it ^<>^ecule the same intensity of action. If we 
"*e centre O in ^®®*8 the vertical line E O passing through 

^'"erefore fo i„^ ' ^** Point will be such that O O = 4 and, 

point whini'"^'^ the ®J?* ''f *^® position of the molecules, and the 
^'•e d^^rec/f5 "^ *^«*^fo.-«®!u^**°^ ^^ **^o ^ort»s convei^ing to that 
^^ to thJl?' ^^o 8^^ ^^^ S®"*''® Of action whence afi the forces 
that of^r'!;^^'»o Of rS^,"*^ ^« ^'"<^ ^'"ff always perpendicu- 
^^ PaS^n ^"'** ^^ta^ti'?'^ T^^^*» acts upon the milecules, 
*^°seQu^ ?5 ^ **^«^?nf ^/" ^^ bucketewili be so to the 
«>^a ciJcIehal;^® ^^<^^nsiJ'^'^ any point of the wheel, and, 
Jn the rfr/^S" O^ ror!L^{ any gi^eu surface wiU be an arc 

^ '^r^X'^H'^^^r *be lin oT^1f^' 2"^ extremity , of this arc ap- 
Po«i«on A rV* ^^«nere?*K^ *t^ f^^"* P^^^te o"f the bucl *^ 



Poei^ion A r r ^^^^nerer *X u P'*'"* P'^^te of 

«od the HioH' ^«^med;«*if® °°*=K«t s'^all have come into the 



bucket, and 
«od the di^ut: ■'^^*^*^edT^t^^ oucket shall have come into the 

^ ^«^P^nt ^' J^ wfcVf ' .*^^ ^^^"^^^ ^a« deseeded 
Tr, «i>^.?*®®od \inrl**jJY"®'^ethfihmitinc-flr«ofth«fl.»vi «„^r«^-» 



limiting arc of the fluid surface 




PfnaeTp^r "^"^'^^S^t od' ^"<^^®t-plate 

<ScbA«re, Ab'I^J^'- to'unS^ZrT^f *''® surface of the water m the buckets may bereganJeda 

^^,ist^^ ^'E, niv^Th., i^^™ f'"''? *^® ^°*''® O- 0° ^*»ia supposition the two arcs d 

^ e^u«.l to -^ ^ "*"« determmed. The first, that is, the whcdeaic measured bytk 



«^io -A. 



«i designating th^ 



"^i^osinp. 




^ 5» O, and callinJA fi;^ ^' V*® ?*^'?* "• ^'^'^S^ equidistant l>etween a' and f. Taiaag 
^* ^•v.^—ri*"°8.? wangle which the first of these lines makes with the tangeai 

'' "■ w^hich "Will necessarily "be equal to the ingU 
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rte resnlU of. experience. app««W«^to^eveor^rti«^^ 



P«. it -* :^eo we*^U l^^iT^S:- S^ effi^t de.elo|K^ by tte wheel 



E = »» W (H 

- *».^refoTe appears that in every bucket- wheel the ultimate eflec<»iD lieiiicraBri„||, 
yrooi this it tne»T y h^f^h'" are diminished. Now these have remect, 
five quantities ^;^cUon of the shutae and watercourse, which ought aeeordiBf^j to be tiifMtii 
••.t^^tf^cularaise; ^ _^^_. . ._. . 



From 



care to tbc P?\!"*:ter of the wheel, whicli, therefore, ought to he aa great as the o(ber cooditioiBviii 

k^ to the <V**^^^derstood here that the wheel is constructed on the overshot mind fie;) 
idmit, 0^ J>®^^ ^lie difference of velocity between the water and the wheel wr a gireo raJue o/i; i 
V and h , w ^jj^ \^ satisfied the more nearly as the Telocity of the wheel approadieaWKtbcw^ 
oonditioa -jrhicn ^^ ^^^ moment it arrives at the bottom of the buckets; 
locitv of the '^^ per disposition and form of the buckets, and a email velocity of the wheel Iiy wiij* 

V", to ^'^^J^ carried to the lowest point possible of the Jbll before it ia discliaiig^ 
thewater wi^^^^j^y experiments on wheels of this cla«8, which have been publiabe^are tfamo/ 
Q ton, mad® in X 7 59, upon a small model wheel of two feet diameter. Various detaib u^ 
Mr. °°^®*1^2itiDg *** enable ua to compare his results Tvith the precediog formul»— espedallj thefam 
^^T^^^enaiona of ^^ bucketa Tlie following table contains the summaiy oflua results: 



Ko. 1 Whole 
* descent. 



JTuma at 
Water Ithemax- Wetoht 
expendynaum in.raiaed at 



^»fX in a 1 & mln- 
nilnuie. I ute. 



the Riax-i 
imam. 




Power of 

the whole 

descent. 



Power of 
tbe ^nrheel. 



£flbct. 



Ratio of the 

whole poirer 

aadeflbet. 



Bitioofpor-j 
' eroftbe 
wheel and 



Mm 

Sitio. 



810 

16SO 

1G80 

1710 

207O 



720 
1860 
1360 
1524 
1840 



556 

1060 
1167 
1245 
1500 



10:6*9 
10 : 7-6 
10 : IS 
10 ; 7S 



10 : 7-7 

10 : 7-8 

10 : 84 

10 ; 8-2 

10 : h 



OD 



8 

9 
9 



K)90 
2755 



1764 
2320 



1476 
1868 



10 : 7- 
10 : 6-8 



2700 
2900 
8400 



21 60 
2320 
272iO 



1755 
1914 
2221 



10 ; 6-6 
10 : 6-6 
10 : 6-6 



10 : 8-4 
10 : 8- 

10 : 8-1 
10:8-2 
10:8-2 



do 

• • 

o 



1870 
8520 
4840 



2275 
4200 
5728 

6. 



1360 
2560 
3520 



1230 
2153 

2846 



10 : 6-6 
10 : 61 
10 : 6-9 



1560 
2880 
3924 



1466 
2467 
2981 

8. 



10:6-5 
10:6-9 

10 : 5-2 

9. 



10 : 9- 

10 : 8-4 
10 : 81 

10 : 9-4 
10 : 8 6 
10 : 7-6 

10. 



00 
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From this table we perceive the smaU eflfecte produced by an increase of the head A <r = * abof* 
the wheel On the general resulte. he observes, that "the power of the water computed from the 
height of the wheel only appears to observe a more constant ratio" than that between the power of 
tbeVater reckoned from the whole descent and the ultimate effect Thus the fati« in oolumn 9 diftr 
froai that of 10 : 7-6 to 10 = ^'^ I J^,^^««;>lyng the mean set down in co W "T -we find theex- 
toeuies to differ no more than from the ratio of 10 : 8-1 to 10 : 85 ; and as the^d term of the latia 
grad-^l^y --«r ±^1 SIV.^^^^^^^^^ of head fmm 3 inches to 11 inches, the . 



o(8i 



SSve 81 18 to be imputed to the superior mipulse of the water at the head of U inSies above that oC 
8 inches ; so that, if we reduce 8 1 to 8, on account of tbe impube of the S-inch bead, we shall have the 
raUo of the power, comnuted "P^ **»« height of the wheel only, to the eflect atTmaximum as 10 : 8; 
or as 6 to 4 nearly ; and from the equali^ of the ratio between*^ the power and eiket^ subsisting irt.« 
otniMinna are similar, we must infer that. *K« ^«f^^i^ n _ iT;"" """ cik?u», ""Y™^~'^^^^^ 




Tbeae inferences are corroborative of the pnnciples which we have attempted more fommSlr to illas- 
trato ; but we must also quote his remarks "concerning tbe velocity of the ^cumfeience of the wbe^ 
- ,rder to produce the greatest effect, as they are stiU frequently appealed to in justification of aa 
.r^ita interDretatinn of ft true doctrine. The Acu^irin^ :. *i;.^ ^/L^.-S'^i.^ ^t . _ .i j* -. »^ _ \^^^^ m 



in o 



erroneous interpretation of a true doctrine. The doctrine is thus stated ^the author - — '• If a body is 
jely from the surface of the head to the bottom of the descent ft will talri. fi n^rtjun Hate in 



let fiill freely 
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. , noo cubic fee* « mioute, and the fkll 26 (eet; k thbo. 
As an example, let the quantity of ^^^^"'Hi^meter ; therefore | A = 2 feet and i D = gj /eet a««^ 
the wheel would be made about 22 feet ^^^^^ .% . sf ) = 19* feet, and this multiplied bj lOW- 
the value of the fall would be reduced to ^ ^o^er 

19838. Finally. 19833 X '0017 = 32'87 ^^Jr'g^J-e the volunae of w&ter which it would beoecttMrf 

This formula may also be employed to <'®'*';"*„_.„^j aznoiint of power— a problem which vervfii 

to employ, with a given head, to obtain any requires «j at- 




equivalent A'", by which we have . , .„,. 

E = -001YQ(H — fA — ^ )' 




^ rme;:?It p=r:nd rrebrprol^^i^ionafiy increase the length of the loaded arc-the ,«. 

"rbeftarui^t^^^^^ ^- rvrf 'LV^^^f'' 

radiua of the wheel to^he he^ht of fell to yield a maximum effec<^ but seems to ha^e left ont of new 
the effect of the centrifugal force, and to have supposed the ^^Pf^^^*^'^^^^ 
deed, the usual arrangeicnt now adopted. The fbUowing la h« mode of ^^^^>'^\f=^^' 
portion of the circumference which is t^ be loaded with water— Oiat ij the portioo of the half areom- 
ference below the point at which the water flows upon the^ wheel; and let ar = the arc compreheoded 
between that point and the horizontal plane passing: through the axis of the wheel ; also make b = the 
area of the stream supplying the buckets. Then the sohd which represents the eflfecUFe force, that i^ 

^_^ ^ , and this is to be the greatest poi- 
Bible, or ^^— = a ma^'m^^m By the principle of maxima and minima, this takes place wheo * = e 



7«. 



(1 — v^ i) or a: = 02929 e. Accordingly, the arc c — x most be a quadrant^ and the are « = 87-2 

From this it appears that the wheel will produce its greatest effect when the diameter is so prMor- 
tioned to the height of the fall that the water flows upon the circumference at a point 90*=* — 37-27 = 
62-73° (nearly 52| degrees) distant from the summit of the wheel 

If R, then, be radius of the wheel to the extreme edge of the bucket, and h the height of fall meas- 
ured to the point where it may be delivered upon the wheel, and which may be called the dhakt 
height, then we shall have 



R = 



1 + sin Sli 1*605 

Since sin 87i degrees = -SOS- We have also by reduction R = 623 A. 

The effective height of the fall is less than the entire height H by as much as is necessary to 
give the water the required velocity, which may be taken genenilly at 10 feet in a second, or U 
feet of fall 

The French mechanicians calculate n somewhat greater diameter for their wheels than that given br 
the foregoing rule. Instead of'laying on the water at 62} degrees from the summit, as is commonly 
done in this country, they lay it on at a distance of 60®, that is, SO degrees above the horizontal plaw 

passing through the axis of the wheel Accordingly R = — = fA. They also allow, as above recom- 
mended, 1^ feet of the fall to give the required velocity to the water. 

No line of demarcation has yet been determined to separate this species of wheel from the breast- 
wheel, except that this name is apphed when the water is received upon the wheel at a greater dis- 
tance froin the summit than 62| degrees. But it has not been decided when this rule oi^ht to be set 
aside, anci the wheel become a breast-wheeL A notion, not without foundation, prevails among null- 
wttghta that a wheel of large diameter is more advantageous than one of small diameter ; in a whed 
Of largre diameter the mfluence of the centrifugal force is less, and the mass in motion beiof greater, 
the movement w more uniform and may bo proportionally slower, which, in the case of a low fall, k 
no inconsiderable advantage. There is, however, the disadvantage of additional friction upon the io<r 
centaifu afford ^ ^ ^ ^^^ "** usually irery broad, goes far to counterbalance the loss arisii^froo 

As the question is therefofe entirely one of practice, and incapable, we believe, of a theoretical sdo- 
tion. It may be stated as an opmion founded on a good example; that the diameter of the wheel evfo 
for very large quantities of water, may be made to conform to the rule above given, down to 12 feet 
diameter, ihe example which we have in view is a double wheel of that size, using at least SOOO 
pubic feet of water per mmute very satisfactorily. The same size of wheel might be used tifl the &fl 
descends to about 6 feet, when a wheel on the underabot principle will be found less expensive wd 
equally efficient. Under thfese cu-cumstances the wheel vr'dt act nartlv bv the imDulse imSVTrtlr bt 
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Ab h coDSBqDence nfu, ' 

wbe«I in dependent tinoT nT™*'*' '*'«<«7 ■Iraady expUioed, it /ollows thmt tbe djauniat efel sf tk> 
this relation ie nuinir^.L j? ''*«''<»'■ which the velTCitT of the floats bean to tbit o! tbe nttt- y 
laed im /d-wnyt an ^acertTi^^w'*'"'^"' "f *^^ diameter. The veloc/lj due W the cmr«,(of ,uj, i;,r 
minate element of ,j, ^"f.^ ? quantity, and may therefore be regarded M kaon. Aaotheri^ 
mate in a certain u^;, !?';"""«> " the number of revolutions which Jt is desirable (ie .i«J si«H 
jwmta, with a rate of velJ^J^^h"" '""'"'^' '"'^e'' ""«* the effect may be (r«™miit«d to ik toI«; 
/ueaoBt advantageoua for the particular piirpo*«inteDde4 tod oit^ 



kitbt 

?7 •* the'^J^*^''«'fri^J^^^'H,'^'^'qi«ntit^ of intcnneaiate goring. It ia U*, impcc- 

«Pre.«d by °' ""• "«!-. and W O^e^"^^ '^ maintain. Jf we pnt « to denlSe thrrS^ rf 
uiunber of tunu desired u a minute, tbe diameter Vfll be 
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4 W X «qoiv»lont to + W H. 

th» beight of !M due to the relocity V, as before eipl»ioed 

hole velodif of the Btresm, and H tbe entire fall due to (bit nlcdtj, Hi 
ast po«Bible vSect whitji ctua be realised fmni a vheel moml atinij b^ ib 
r hMlf of tbe mechanical power of the water expended; that it^canilrnf 
oi»ly equal to half the oBttct which a wheel acliny eDtirely by the gniiljgi 
But «ivtiD thia moiety is subject to reduction, and can be onlj diatutlj ip- 



tt** y, poBBeu manT experimeots opoa -which we can ioiplicittj lelj, with wiatk 

p*^ any of a miied kind, in which the effects of iinpiilBe and pnvit/ *n cwDbind, 

r liiis It"'''' hv^ the i<i>P^*^'ve action alona appears. Those of Mr.Saleaton,iudeed,9taiii) neirljik« 

o^_, [ti* "* ^luud wsBU'^'^/ ; and, fortunately, thej are complete in tbe aeeesaatf data. Allhonf^ tin 

Y" " n wilhwhicli tli«; were made Was small, tli« well-lmown acciiracj of tbe eiperiiDBiltr, 

' e tot vhicb tUe inveitigatian was undertaken, warnuita tbe Dnnfirleoce wbicb they hare Uoi 

^n^g KlieeL iras tJUe Bome iu dtameter as his orenhot model, vis., i feel, and wu, indeei, 

e wune apparatus. The power was measured directly bj ruang a wtigbt lertialtj bj 

^,_„ DuUey ; l*<^ perhaps the onl; objection which coo be Talidfj urged agaiiul tbe renlo, 

» cord "T'^hui oeglec*"^ the additional friction thereby produced at the jounials of the wheel TTn 

ijQ^gieta in ." ^j^fecli"" **• bowcTer, funiiahed, and may still be applied. 

j^te Eot t-"^. ,v,g author's table of resulls, the oolumna of which are fuitj explained by the luaitft 
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Wi(H-A)+i(V-tr)r|, 
But we formerly found in discussing the impulsive action in the case of the overehot-wbeel thit 

~(V — tr)t; = W(A — ^A — A'— A"), 

y 

in which the three quantities ,1, A', A" have the significations then assigned We may therefore nab 
use of this expression as more definite. It is, however, in this case subject to two correctioofl wlucfa maj 
be thus exhibited. 

In the first place, when the whole volume of water has expended its impulsive effect upon the fii< 
float which it encounters, it immediately begins to descend by its pressure to the bottom of the arc; 
but let us observe what takes place in the spaces between the floats during the descent The ucsm- 
tains a certain amount of the pressure of the fluid, and there is moreover a certain amount of ci®*|*°JJ 
between it and the radial extremities of the floaU A portion of the fluid will therefore cscapeUiroBrt 
this space without producing any effect^ since its pressure Is entirely exercised upon the soperfici« <■ 
the arc. This must^ consequently, be subtracted from W in the expression W (H — A). Tlw *"" '**■ 
not, indeed, be rigorously assigned, but may be pretty closely approximated by considering that the n^ 
sistanoe experienced by this water against the face o( the arc diminishes the velocity which mx^ 
tends to give it, and that this diminution increases with its descent: also, that this velocity « V*™2 
diminished by the continual entanglements to which the water is subjected by the varying cooditiow* 
the intervals between the floats, and which likewise become greater towards the bottom of the "JJiJ?*^ 
finally, that the velocity is altered by the continual mingling of the descending laminae, correspoodiiig 
to the several spaces between the floats and the varying positions of the portions of fluid therein coo- 
tained. We niay therefore conceive, with all these retarding influences m action, that the veloatT a 
the ineffectual portion will not difler greatly fipom that of the floats ; accordingly, in this state of iwng*. 
if we denote by A the cro88-sectk>n of the plate of water falling upon the wheel, and by « that cona- 

ponding to the intervals between the extremities of the floats and the arc^ then will W - be the por- 
tion of fluid lost as regards the effect of pressure ; hence, by subtracting this from W, the exprosioo of 
the effect given above, we shall have 

W(1-|)(H-A). 

In the second place, the portion of the base of the wheel which dips in the water contained in the 
lower part of the course, loses there a part of its weight equal to the weight of water displaced. Id 
consequence of this loss the equal distribution of the weight of the wheel about the axis of roUtta do 
longer exi-'ts ; and the wheel tends to turn in a direction contrary to that of the current If we repre- 
sent by /)' the diminishing influence of this tendency, this will be a new resistance which the wheel has 
to overcome, and which ought, consequently, to be added to these other resistances of which the ^ 
is p. We shall then have, taking m as the coefficient of reduction of the results of calculation to tbo&e 
of observation, 

(p+;,')v=mW{(H— A)(l— |)+A + /iA — A' — A"}. 

In practice this formula may be considerably simplified. The quantities p' and 1 — j-, avppoamg the 

eonstruction judiciously and carefully finished, will be very nearly proportional to the power of the 
wheel, that is, to W ; they may, consequently, be comprised in the value of m. We have also befort 
shown that the quantity |i A + A' -f A" is always greater than J A, and difle 



^ „ . diflers little in ordinary 

from } A. Hence our formula may be reduced by these substitutions to the convenient form, 

E = mW(H — lA). 

In this the indefinite quantity is m, and, perhaps, the best authenticated experiments, by which ito 
value may be assigned for the particular case assumed, are those of M. Morin, on a wheel constructed 

by Messra Aitken A Steel ft ^ * - - - - _ ....._ « 

The diameter of the wheel 

number of floats 82, of which w^..^.. „. „.« .»^.». «, * 

fall is 6 feet 9 inches, and the versed sine of the arc 6*04 feet The water is thrown upon the wheel 
over the waste-board of a sluice, of the same width as the wheel The results varied with the thick- 
ness of the lamina of water admitted upon the wheel, as exhibited in the table on the folkjwing page. 
From this table then, it appears that wt := 0-772 ; but as this is reputed to be a particuUrly well coo- 
atructed wheel — considerably above the average — we may be generally safe in taking m = 0-76, hf 
which our formula is reduced to 

E = 0-76W(H— iA> 

Prona the same table it appears that the ratio of the effect to the whole power expended, is 0-717; 
this is a good result, and warrants us in taking, as the general expression of effect for a wheel of ordi- 



"WA-TKR 







A^ce of (he^^'f »iW onW be with this ^elooi tjf ^l.'it . 
qu.t tbe towT i " "■'"" therefore ri^B to a '»'^'»*l.*,,;^i 
w.li «.|„4"," "1. ™i„„ direelioe, fcr i« P^f*^ J^ 
°f •?««P« », Jff" wiir therefere be V — < J^X ^i', 

"^ttain^,,, 'Upon the wij'eel, and comiatiDic«t««*?"^ -wb- ' 
^"aogemp "' " ''ucket and common ""Pl^^ter. «*r»*^ ' 
■*«« £",;'■ » "»!. if W b. .he weight "^ w^fr. 

■rtUilh ?''"'"«» The., molieulo" .— f"°? their -i^i 
master ™™' "ruck, lose both a polt'^^^ijey l.»-ves '^ 

»i 1? "PP^'"^ Besides, as with all "*»*^';*^^, tl»«ref"«^*' 

" A, in vhidi nt 18 some fraction ^''"^ „ t>y" **' « ^..»tl 
tti series or eiperiments wus i">de.rt*l*« i-«i»-»ii=*=^i it 



■nt CODC1U310I»S- , , » ^"-^^ ' ■-«.- 

a diameter ***;„„ of '■*'^.,a« 
, and observtttjoDS ^ ^^^ 

be varied fro»» ** ^^ ^ ^W^T A 

U effect M. "*i*^«.»^«'-V^«.t^' "^ 
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eases. It ia admitted 



tliat M. PonceIet-8 wheel involves a more precise msqvmbnce mW ^/* 
AD the common floa^-wheel ; but nothing bejrond the applicam T^gff 



determiDed by the following ooDsideratioDS. From the point k at which tbt vtterMtunMMJtoMK 
tb8 ^enor circumferenoe of the wheel, draw the line kp perpendicular to the direetimSnTdiil U 
wUl form an angle of 24° to 28° with the radiua. In tl^t liiie take a point p eomJto l^i.Tlk J 
ita length between the circles of the shroudioar. within the inner circlsi ud ihr^iZ^^^.^ 
centre of the wheel describe the circle m ^ %en will ^ * or « , be tfce n^^^J^t^^ 
and similarly all the radii of the other floeta will terminiOe in that circle. ftiWis de^S^ ^ '= 
her of floato. and marlted their extremities upon the external circle of the whZ^^!^^^6^TL 
pomls to the a«a^ centre, uid upon the circirm» set off the correspooAW dfaL^JTsTS^^ 

s?we^'tfc"ita*^ir£:*i,lThSf';^ r"" ** **H!!r*^r <^ ^":^V!X^r,^t^ 

fil^re^eS toT?t'^tHCtX«„|^*^*^« °^ a>e wheel b«rb4"5.j^i, ^^^ 
.^b as little as poUib e S' the velo^itv^/?£7J-«^^"'*-*'"'.''!?7 «w oogtt to be «n.pfc7«i tiri^ 
for it. escape wCu bTlx^^idri^ f^^^^X^^w^^ «» them«„entlf impul., Jd^ofc 

ought to be taken of its weW,t luTwell .T^/Tt^™ *t ^***; ^'"* *?« <■«« eweed. tUslimiflLit^ 
of wheel is itself weUadaptStrthisd^wl^.i^wS^K'/T' ^^ conceive, howerer.tlit tie to 
edge of the elmce-pUte, o^fht to be dir^d ?.i^?^ ' •"** *'"' **««'' '^"d "^ issuing from (he m)» 
ough^ at the same^ime, to be pro^S^y hXiiLa *"'" * "•^bo*"! ! ««« theligh. <rftl»«e 

Wheels which move in an indefinite /...^ * ?^^^ 
ftan those we have been considering- h^fHiffLf''^"^.. "^»-»™WMny of a hesviwanst^ 
floats from the common impulsive -j^eel Ti;f,,J^7, "I , retpeet, and in the indiaation of Heir 
ter of 16 to 20 feet, with 12 to 16 floato of ■iV^ii^'J^ L'^"?*' of advantage to make them of.diiBe- 
80°. Their best velocity-that at whfdf th^**'^J?*. ^' '"dination appeal, fr«m experiment lob. 
and, under these conditions, it will be found t».«*1?l * ?i»«'«num— is a third of that of the cmTmt; 
received upon the area of the floats—that i* -it,..* /V» -^ ■" ^^ of about ■006 WVgf thenter 
^L «8«'':,?"Tl'^«. 'hen it ia remembered th^t «,«««.. == O-*"" V'. TOs result may Men, at 
fined rectilineal course, does not yield more thl^i-SriT? °' 'he undershot-wheel woiting it • mo- 
include the whole volume of water acting -wwLf T i' *"" « is to be observed that in this lut we 
tity received upon the floats, without re^^roe to^» i.*" """er, we take mto account only the qian- 
anyeffect whatever and which we cannot altemn^ l^J^" •«<«»« 'i-i* e«»pee without pio(l»*« 

3Tu8 species of wheel is of very rare «~.. *''*"»pt to estimate 
employed with jWod effect ^ occurrence ; yet there a/e name««is situation, where it migbt be 

Jiortzontal wA«rfft— This name comnr^h j 

nnuy i„ their design than judgment in the^Dli^tZTTT'*^ "f ^heeln exhibiting often mae !.«.■ 

& u T ^ T^" •*'^«'- "f curiosity ^^i^if'^,.?^ **« forees upoi which th'eir action dependiL 

whTl.^r±r!^ their way to this country e^^o?^"^%;."nd it is forther to be observed, that Wrf 

Wiich we conceive It worth while to direct tt^^f! "".t^ftises on hvdmulics. The two specimens to 

^e i^ ^'^°°-^ °!,^'A ^Wtelaw!!^t i^"^!S ». ^i' article are. fbe Turbine of M. fw™. 

Me wheels belonging to the first class, from th« JS^^P™"*'^^ ca'ied the Scotch turbine. Both of tfee 

^tT"^^ ^1 competition with o h^^arieti^T"!?" °' ^l^' "hiVh they are shown to ,«Ii». 

c«rned out, must speedily replace «»io.« ™J ^' ■" ^mch t 

cave it to be in any l^pect suSeri^r K f\- ^« Siye preced, 

of the kind ^e havJ beerconsl^S-?.^^' t^ S^"»« !'» «odTo 

'■^r^^o^^ )SSi°^^f rr r "'"""'■''••«*^ -hichintiodiices aTr^'ciple omy U^ 

h^h^^i^^l^l^tt^ .** *^« En-WrLeJ" .'**■* M- FoumeyroD received the pri« of WW 
fooon^^^ of aii^^."?"- ^^^ "^'e T^^*'" ?f "'« A^s at Vans, for the coost^ction of th. 

among scientific men, especialTv^n^''**^ *h«t matte.! f *'*?"r.??'*' "hscussion among Ae 

^ coSlidered to belong effiZi^,*^'»°ce. than eWi."' P^f **" utility are more subjects of m 

Id an elaborate rei^ ™ T/'Z *°. t^e workaho.l^''*"^*' ^'■e™ '"^ thing of a te(imcal diai 



on of its effect from the hvdrr«» .- *"»08t anv fefi "" '^'"' • ""«*"« of very moderate aiametar. 
convenience in wheels of thiT-i * Preaetira /f *i. *"*» »* "y velocity without sufleiing any ledne- 
After r'—- •-• • "?.?!*»* ' ""« Water, and which is stated to be a souree of great 
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ft«n the extemd orifice, of the turbine ; A, the ««m of the «« of (he jets lU tte d,«,^^ 
A„ the «um of the areas of the external jet», then we have <3— ^z ^."d V=j^ «,»!«, j.^^ 

for the reUtive velocity of the water to that of *^%^.^^^P%^-^tb7!^tT^ ^'^'^' 
he the Telocity of the iiner circumference of the turbine, of ^ «■« j?*^ » ^'.fj.^ ««le m 
the water makes with that circumference on entenns; the reiauire vetoaty u witli »lud, tj^s^^ 
ten will be expressed by A i 

aince that velocity is the resultont of the two velociUes V and ( — »J ; and the abwinte Telodfy d 
escape being the resultant of the reUtive velocity «, and of ( — »; will be 

V = v/«,« + tr» — 2 w, v cos ^, 
# being the angle at which the water escapes at the external circumference. If then, R be tlie eite^ 

nal radius, and * — sin and c = -^ sin e, we shall have as the sum ofaU (he losses o/wt n>a io tb 
machine^ 

Z" («« + 6» w/ — 2 * r «, *), 

and eqnabng the Wt vtva of the water at its escape to that possessed by it on entering, aagmeDted\ij 
double the quantities of action impressed and diminished by the amount lost in passior throi«ii the 
orifices and channels, we have o -» 

»*y \/l~+^ = x/2^H + «*(R« — H^ 

A • 

in which y = — ^ -f- i» — 2 be, 

A,* 

and, therefore, Q = _^^ ^2^H + u,' (R'^r^, 

^1 -f- y 

ij being the angular velocity of the revolving disk. The first of these factors for the quantity of witu 
aisciwrged thus depends upon the dimensions of the machine ; the other takes for its firet tenn, the 
action oi gravity to produce the velocity with which the water escapes from the cjlinder. and for t2i« 
lr^.\ !T^ .t ^^^^^ ^^ *^® centrifugal force. This equation Bhowa, moreover, that, in consequence 
hPtwPplTtl !/^k ^^If^d^^ure of water exceeds that which id due to the simple difference ofheigbt 



KAf«rA<>*^ ♦k u- L jS — ~'-"""" *" ""ici «;Acr«;c;u9 ujul wiiicu la uuo lo uic simple cunerence w neign 

«^ir^ ?lio^ *^r!u ^""^ '""r^*" '®7®^' denoted by H, and that this excess will continually incmise with 
every increase of the angular velocity » of the niachine. 




TrS of' -80 W H^td'we '^lilv*^ 'S.^Sf deteriorating influences as the turbio^ c«. po«ibly jidd 

tlio rnrtnnla aX.rj„™ I . Tf '^^}^^^ .">»* M. MoriQ has, since these expenmenis were made, revised 

a^tuUvtn^7Z\J^^T°^'P''^ ""^ I"*"'''/ of water used, and increased his coefficient in some 

Sh^ for wh^r^Hh!^?^ 1'^^^ deducting an equal amount from the coefficients of efiect of the Bi- 

Mor^ aid othL w/r!!'"'" ?^ emploved. Tfio coefficient givea by M. Fouroeyron himselC by It 

^0 w'lT The^ffiJ^ ^r r* TH^'S?^:^ t^« •"""•'■'» <»'■ »!"■» "^es of macliine, iS 70. making /» = 

^« W S: Thfg. W I't* *^ ®'- a-^ien, depicted in the figu'res before referred to, is said toTeieeed 

hydraulic ma^^^JtSJ^ power (40 horses) and small size, h, perhaps, tbe mmt extraonlinirT 

tu^Wne ^' «°^'™«ed, and has conferred much de3erved%^IelJrit/ on the inventor of tfa^ 

' a few fundamental principles. like 
the efllect which it is intended to pn>> 

«-^«. w*-««oiu,ia, IS airectiv m* th« ..o*: r *u ' . — " ". ^ interior diameter D, one of tbe pnt- 

ofexponcUng the volume of w« ft! n ""-^ ^^^ ^.'^'' quantities ; and as Uie turbine ought to be caplade 
determined from the cond^tio^O La *^^^ }? l^ "^'^ *^® ^^^"^'^y ^« <*« o"fi^» "»"«^ »>*▼« «« "«» 
- ^- ' iving in th"Li--t,i'i^7^^^^^^^^^^ 



A= «irD«=:045D*. 
ButQ = AV =046 D«V. 

And V = 6 66 v^ H therefore Q = 3 D» v^ H 
From this we have the diameter D = ^ /— ^ 




-«»Pii».le of ^„^-^ undenttoMT thJtVaZ 

S-—- =«■ wliid, "„° "■■/" -"^ioree-powr. 
«.p.i,J» „j u„, ^ ,^^ 

' di^J'^/*^. in tfto practice of M 

fieTai^ '"iaj>e,"i''*"'?ruie for t/ie number : 

— tto.rj of,-, J^_ 24, ,ts ba}f represents th^ nun.t>. 
■^ W number of iJiese Gxb<I cor 

— slsDt approjciiaatioo ; t>iit 

5 "( (o deCcriDJne tbe questi<»i 

, 'uilable quanljCy of twa-ter ; 

, w«e, B large number of oh»: 

ater number of fi(«rner.t« o 
of other water i/i t^rf^o^e'J- 
n'ng^ the rules laid tio^'*'" ^J 
iameterof the turt>it-— ■ "" 
imea when the 

ft^°"«r "^^ '^ri«»"-"J' -to t« - 
*^Of^j!r*"'?''''"'e water channels of the *"''^'ES 
te„™".d6j-U,e following mode. I>«scr.fc.« tj*^ '^^ 
-ho'* OmiQjfcni^H^e with radios oa := !>- **'"iVci.«^- 
^?^ Ve (I/ftWed; also the entemal or great^^ -T-l.eB« 

tlflB«ii/'tiieWt^ewithrRdiiisoG= J'*/ 



1-A \jU«''/;i;^|e representing tho 
,^^AW« f h the spiodle of .he tv 

I^V^P"^ from <i J"*'" ■'^ T»='-P«",V;^^ „-««*■ 



,^ ■* V jYom the centre o draw *» ** ir*«- *" ^1 

'tica.1 ^'°-^^,'^^^t-.«« 



(*e^ "* \ot' " ,,f th« njceu . 
\V*n-.looff *^?_„„oift!renc*' "' 






»r«'t«^ . "e"^'^ 'p*'»;ip:f^^jil*b 



WATER- WHEEa^S. 



«ncf liiepomu tljo-niB v-j 

to IM of proper qualj^'!"'/ f".''".""^ » verj. good turbine will be prodoced. iMumiiw tbe,,A^ 
fer "'" P;?"Pt, foroS K'"' .•="«. com Wood -.-ill. .xpen.oee, e.e .ta .mi „ £" 

the intenliooh^'^'of hunillT^'j *wni fotoro time, when his expenenee u nudnal oTii^. 

of hi. i.,.,o,io; •!.»<» i"l?„i"> *° ■» f"'P<«'<'J "»' '"' "I to •oi.ou. u |„,aii 

b»ve led ool, I ipl, h,;" W„ ' '"?'*•■ ■°. 'o??; ." he om .oramfol , o,„oui, . „^ 

trytodispuJo ent- B.!d „ '"°'^'' t" nvel his mode of coosfrucUoo. but, gH».,H, &, 

WA.t^„., ^"^"i? fenowJedorof Jl!f ' ^i! « oischioe reqoinn^ so moel. oicety of tecioiiaJ dels! W 
Phiinad, it thJ^^'"^-"f^''~Fi^ /a,T, P^^'R}?"- »■'" '**' ""ee^«l "'th better sucmss, 
the eonstroS'?'-" "V ""sSf^o Ss t'*"-^" P™">i° l"* °"^'"' '" l^ •''"'l'. 
•I'll It. .«d„e; > "Is 1>11„ ,„° 7 ; f'"" to indioole bn.tlj Oio p,«,ticel deUil. .rf ^.^ii 
TOlved in it, ^J^Peeds in nearlv m i* '""'''' ^"^P^' m«chine than that above dwnted W 

out in descrii,,:™™'" <>f«ra,ui, ^^ „ 1 , utwrce upoo a co/rect appreciatioo of the pri»ioJeii» 

,-4s la all ofi."^'?« jo the oondi(i««XJ^'^™- f""' '' ™*^ ^ neoessarj- to mdicate the rules ^a^d 
of Ih. .Ise a™" Vfmulia „,nM„'^ g~ffd hj the partieohu- eireuostiKi., of the hrfiridiiW 
&11 under trbicj,^'?' Teloeity of ihe^''."'* "«aa8ai-y to be aasigned as the basis of ana salrdalaa 
f >»• -ate, iri' " """"led 5o itanTS.^T'"* ■" '^« ''•'"-•' H «»d Q. that is, 'tS^i 
*«" PiOdSdlT"'' >•)' Iheor, TZ^ "l>meno«i no lo oie... of pa-e«,„, from eenoifujai |i„, 
/^^^^^SlSl5^,SrVX'S'^L^V«i.'«i?»"~q"<»e.ofaeZI5 
''ySyH + uTA^^^v madune about Ite «zu^ Uiis quantity trill be incasSMdW 

•"" of lb. jnij ^ n„.''''^' ''" " '°~ '™» eaperitnenl that In aoi..«,„„e. „, Ui,a^ ja.* 

tnat assigned bv ruP**^"* thiow-h the .., 

i5S"! "S ""Oil of 2»""l "" "le r.5i;!S""i"» f' <l"""'if>- di«,hatK,d h, „nif„„ol, i,. «„ 

SSi' ?'■"■■ KbS""'"'.!"". Sit ..'^"'""■^ "P°° «oodili„„, which to someealolm 

SS?.;' °»°'i» S, ° '»'"• tils Pb.l« '"iT'^ " 1"°"' "'" '"S" -odiaoation. froa, ap«x, 

SS'';««"Jt„i;S'''>'I"8 •h.l.TonSr'S^^S^'?''^" (1846, oothTtheosTofX 

1 ^"^^i accnoiietrir. ""* quantity 7; °' /"»4 observed in but eapoHmental apparatus, by aei 

"•mrd. '""■"'eaSii.??'""''' '1'= sua,™ "'"""^ disehaixed by a maohine, „" wbidi S. p. 

"ems. „ , loo,, jr™,'' !>? a. HieliJ, ef Is""*™ " "" ">"'«• '"'«'>'>« r.duction. 

luantity, which ia eanrML?^ '?'" '° !««*''* thoouffh tie aupply-pirw. lliii bs 
*«sased in cbaracler and amount by rr j r r 



Baum ..r'".7"' "sscendii is — ~-~""uu«. wed. and L the length of the pipe; a 
is mr ■" "~>^flb, ."*'■ 't "J / •" enapiri^l coeffl^i.nt = -OOsT It 
" "xpreauon may be „„ "^"H^^' the yeloeityr of efflux, uhI D the diaa»to ^ 

i'"^ Ufjijer the iorm 

J "le lomiula ™ '" diameter ti^ i ' '"""^d b_jr the mouth-pjeoe and ctnbsl o(»» 

"sn tie suppjj-.pipe^ aa shown in Fig, S818. Tbi< *• 

""■ '• «P»,1,'^ "" ~i.>«.o. «n»unt«a«i by Os. „„, i„ ,xa«tai^ 

'*«~».h.iri51''o."».e.p.„ '»-/» C"'"!? 

- ~.Wn, f,„„ ^j^_^^ ' "■• '""'I.. p«in,el.r and a™, „f ««, ^..^rf. „ . jiita. 



■WA.TER-'Wm 



T' t a ho le pierced 



**™*I>' T » ho le pierced in it« w'de; tlia diochaiye iD cnbie i 

A ^V!*^ H, tbe area of the orifice betiig' <t Jf thti jet frc, 

. ^*^'" be perceived to convetg^ ehrouffa a atort tlistanc i 
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WATER.WHBELS. 



And multiplying thia last ezpreasioo by 60 times tbe area of the two orifices, (in feet,) we riaU hsY^ n 
the quantity of water discharged in a minute, 460 S t^ H + ^ v" cubic feet = Q. 

We have already fomid as the measure of the eflfoctof the machine ^(V—»)w; it therefore, in tUi 

9 
expression we substitate the actual yalue of V found above, we shall have 

But, in practice, the Telocity « of the machine is taken equal to 8 ^Z H. It ^^^ ^® ^^^^ 
this value in that found for E, and put for to its* equivalent 626 q, and for g its value 82-2, we aHiU !»« 

E = 50 9 H very nearly. 
Or, taking the quanUty of water expended in a minute, and expressing E in units of hone^power, 
we have 

E=^ 

660' 

which is this rule : Multiply the quantity of water expended in a minute by the ^ven height of fell, m* 
divide the product by 660: the resulting quotient will express the effect in units of horse-power, ^un 
horse-power being 38,000 lbs. raised through a height of 1 foot in a minute.) . , *i^ «.-- 

This rule shows that the machine ought to yield, in practice, an effect of 79* per cent of »« FtJ 
expended, independently of the partial losses of head above enumerated, taking the &U fixan tUe Baa- 
die of the depth of the machine to the surface of the water in the reservoir. 
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9B2 

And multiplying thia last expression by eo times the area of the two orifices, (in feet,) we t^uiH ▼«, •• 
the quantity of water disdiarged in a minute, 460 S j^'r + ^ »' cubic feet = Q. 

We have already found as the measure of the eflfect of the machine - ( V — ») • ; it there ore, m 

y 
expression we substitute the actual value of V found above, we shall have 

But. in pnictice. the velodty i^ of the machine is taken equal to 8 v^ H. ..^^^If^^J?!* li^SLuhaTe 
this value in that found for E, and put for to its- equivalent 62 6 g, and for ff its value 82 », we •■— * 

E = 50gH very nearly. Kofse-nowr 

Or, taking the quantity of water expended in a minute, and expreasing E in umts of ftorse-iww , 

we have 
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Wheo the fall is Hi^h, IS ffset juid upwArda it is 

uons which thejr are iatendcscJ to E>erio>rm and ac4 
•n are would ^o r.ir to f>re«r«;nt. ' * 

Jhe inconFeiiieiice of tfae t»ucket-^wKeel 13 the 1< 
velocities are rpquir«»<J. rTfais oc^casioEia the multiDl 
mt eFiJs. It i:s applic&bJe, -vire faa^w^e s«»id, to 1^1^ 
v^iueofthewaUsr, tiie diAmeter mu^t inorease sk» t 



v*«iue Of the water, tiie diArn^ 

'^gfwding propor ticMid. T**! e 

Ijie prticedii^ tabZe of tiie proDortlo 
^'^fw^A'^^ier. win be tAserul. 

H^lieu the hei^rht of iUU ejjcceeds tl>ae 
Jj^noei, it is then neccssaary to lsja.^e reoo 

tte turbine of Ji. Fournejrron, *»-- 

«o jieJd ail effect of abotxt 1>0 
■°,?**«-^ater; and abi>ut TO pei 
wiiich It ^^ intendod to iE«rork < 
P«n (alls, we have secfn tbat it 
^ lulvantai^ of the turl>ine in o«5*» 
more effective, oo account of tfaeme 
T™^: Both have the ad^Antafire ^* 
fan "^^ widely from that at -w^l^M€zkx 
WK f ^ '>*'^e' ^iiat is erenora-Itj^ 



\M\ 



,<;tion— 







S^!I!f^. ^*^*>- Tli«y h«ve al- 

r?l!!*^ mctlonwheel^. of 150 fa - 

Jf here It m^y be said, thejr litera-Hjr 

^e lactones to which tho^r fuMJ 
wwT**'"^ »°<^ reaction- wfa««" 
^«ete of the common kind t-fa 

pernnps some little ineooveoi^"^ 
lUere remains to be ejchit>i<^«5* 

^«a invented and patented mo I^^^ 

otthe8oci6t6Iu!Ltriille ^ 
*°« «xperiment8 were ol 

Tabu ofexpermetUs ^itU 



i* ^ 
» 01 
faeel 
of tli« 

■onall^ »" l>i*olcxn 
bi.c>at>le of yieldMi 

Id tfaelr 
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►«i«t»-uctiiXr^lI* tua-bine, enumerates Uie foUowio^ 

n, m,a5?^^ j?^-™ tli« quintity of water used. 
^^^^^ri^ ^U.tjr or Vcce88 to it. 

^^^^^ a^«M v^l ♦* "*L-*****^** *^ ^^« ***P ""^ *^« fall 
I ^M^9a.K t.ui-i>itt^ at Uie powder-worka o#^ 

» -A. lexis DunnnL S V ■**-.»— :_i' 



^ 



l»t T*- -•••^=^*«SI- ifj Ills w 

^J""* the machinery of tH-T^^^-lP^^ i» xneended C«> pnxluce 9 k "^ 

™ep. aodiatoniate ioTJ T «"««a«»«ff mill at th« lower wIi?°^P°w« U,^ 

"•?«ee«d8toI T^®5i.?"**^P'""*»°« f>««- minute. Ki^T^lTJST'^ ^» « 21*^^^ 

P'«<5ed in the tall^^'^'^"''*- ^' *»«« tir«o «.r tbe *^pJri^'»°«eter, i,£ 

**•* actual h«Lf^ J P*.?*"** -W'aa lO' 1". and tfa« depth of wate;Vl" '™ P«»*t ^%^ ^ 

Q = «.T.^i5!?** ^" lO'-l" 8*" = »', 4 J =Jo-S4 feet B^.'"?°''«r,^'^W^- ^^ 





8-88 ?^ T^! -' = ^'" ° *■**«*' »°** '* 

e_^ **"«•■ developed 

that th- J*^ " "t that ie-B-**! d u 
•89 ,'■*«<' »nd rail was O' 1" 

to tCw.t*"*' **=•«* X »•«* 
j^ '^•ler was 5-^^ X 02-^ 

*^^er developed bjr tla« 'wIim^^I 




€i X r^i 






t.b«6 <Jer>tli of water II • Pen*»* 

', 4 5 =9-34 feet bI"?;«^<>^€5^*^^ 

i<l tfao **^«^'"«t'cal power ,i *<> 

tbe bead -race ■were eo fur „i i 

. ^^,^ri«.«nt. The depth ofT*^ "*^ 

3^41 feet therefo* 




t-irue»ni 



i 




-tJ77 =6-66 cubic fe^^ 
lOOO lbs. nuM/1 1 /u_ . ^ 



Clie le 



whiS ;!?^ and. 



The 



aUowjuncse f<>«' ^ 



ingr 



for tV*?^ ^0 per c«ot- of * 
asnear*? "*^woiatiorfc of <:I*<3 
«>e te;, ?« top of tHe f^ai 



full 



tile tail *^® top of the 



The 



- -— — - ^^^ wuoic re^ 
2 1 0.OOO lbs. raised 1 foot 
^^^^ — at 49 rerolutlona 

50 = 164-360 Iba. ^ 

rperiinent Na 1. £!£i^ 

No. 2, t^ 

-0-0 «,roun<l tli« -waste-board box, ^y^ ^ 

^a-i»>«t«l sb^rt, the useful cjeffic-i^ 

***" rnaains the aaine whea the \ir^^^ 

~*Kio* finniliar -with this whe^y 
T. - «,*r^ r-e vol vea -within a cast- i^"*" 

jble. atr.-^^ *w^ the wheel. ,^ 

^'^^.^^^^^r^cJieposed radially 
»cl ^"*^ _„-, horizon tal linear . 




r ^^aijift^"' ^"'s. "'""^TT^^se cia*-^«<* ^^'^"^^^-.r fmoriacontal linear el 
A ■' ^ V5 ** repair- ,3S a^m^«n«»- ^*^*' ^ h^l «-« aimilarly cur^ 

x,^ /..ii the axis- /^ .,♦-. -«ir<?i-«» na**-*^^, ^vl^ ^mxaotity of water ^ 

'^ «>e ^ ^'"*^ "^ *^*^d b»l«^*>^- ^ , w = 2«8-«o ^'-^ 

»Vt of tb« l^rf'j^ O = «0 f«:^V SO ^£.^£8:52 =s. 

*^ " 5»o<H> 

Q, nuaxl 
ids of the 
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Q^^iA^f^cription of the Jonval Tarbirui Fiif. 8823 represenfa A vertical sectiim of • fniW. 1 

^jjef*"^ * wioviA/* iffAiY/, eooaiBting of a caat-iron rim, 'having a giveo aamhei aS vtnngWmiB}!^- 
•^otltoe proper cui-ve, mortised into and rtTeted to it, and occupying the epice maried H ; iiiihjei 
?^ ^M matt or vpH^At *haft C, and revolves freely in the cylinder D. the outside of (lie bocttti mi'ibi 
Sunder having a anaall apace betveeo them. The ttatiottary nhetl £ eonaiila of a cul-ira> rim k>T- 

my 






4L ** ■ '"*d(f of I^JlHf Ito^^w, ' 



"TJnni.,^ .„ 
•ffe. iMadu of 



I upper bearing C, .„ 

rted on some of the cross 



» pedestal attached to tlw bridm G 
tm,be™ofthefo™b,j.«^,*5^ 





.^'?;.*:"5;'««OD,>ort«jh, 



p>«OM, i« auppnrted bv- the (Jmbers I* 1\ U 
box JH filled with oil tJirou^4> Che gfa^-tube <x, 
Akto hIIuw tbe nir to escnpa fix>ixi tlie boK - 
oilwbeaitiB in r inmiii j to cfannfiT^ i*^ Shou 
fi»«ility. The oil-box is held to ita i>ropei- pc 
in the difleteat figure* of tlmia aurtiol^ tbere a 




W'ATER-WHBELa. 

ntdea tDd bodteU. -which. togeUwr, tom ■■ M«Ar 

The water, u it leavea the forebfty, (WIow. the f[uide« of tbe BUtionair ''•eel, ecarei in » »(wl 
fonn. and U»v^ them at wi angle of le» to the horiioDtal line «nd tangentiid to the ciraimfc«oe«. iM 
thai prewsB on tho moTablo wheel, which, bj. the proper ooune of its bocketi, tetrogrwJea »Dd i«U fti 



!rjf^",.°!^„,^.."^_'*?."'*r»J™«^ '""^ °r t»»f b«cfce»- ofil- mot.**4 



Tbe«al#r dinchar^ire<I tbrtniffii ±liia c<tr»tract^i 
ftrtiaily nupendetl by t]i« teudency t>r wofWuTT*, 
■inui-of water on the ovbeel. 

Aa mentioned abova. the column of ^vCtion on 
I't, irofa tlie upper level <*f the tim.ll -too tJ>« uppe 
tnrbina to th« lower level of tlie fsll. 






WATER-WHEELS. 



fcrm » TMuum keeps the column of w«ter suBpeoded to Ihe proporlioo of the beigbl to tkl of pafai 
TMQum-, and the velocity wLich the water wouJJ. throo(tli it« gruTlty, Bcqujre »t Uieh.elptKJs 
fall, would be commuoicaled to the upper part, whtre, ioBtead of prewure, tbe■wtteru^sutte^ 

This prini-i pie id true iia far a« Ihe tendency uf vacuum can he rendered perfect. (th«l a lo isj, u tt 
height of 32 feet,) and thue produce by auction ao equal in eflect to the almo«p)ier« pre«m(, liait 
tbii the surolus of pressure would force air in [be column from below, and no reduce the ef^.^ 
in placing itie wheel helow B2 feet from the lower level, would bo equal to preraurt 
• JirduclioH o/potner in the leheeL—The difference of guantilj' of water io dfj and »rt kucb, ud 
bI» the dilTerence of power u»ed in certain kinds of milffl, at different tiinee, in the waking uperuk^ 
hare ihown that it ie necessary for theae iron wheels to be adnptable to these chinget 

In consequenee of their operating with much higher apeed than wooden wlieel^ tlie H^muti 
fiywer aflecM its operaliun more aensiblj if there is no means to rwitate it 

Various forma ofKatea have been triiil, but not found to give rufl Butialaclian. In Ukw wbeefa Ifan 
bare been employej a aerieji of movable divisitms, by which a part of the inner peripfcerj ut Ibulael 
ii inrJo^d, and tlie whole water to be absorbed is thrown to the external periphery. Tliij Knugniinl 
has been mist Balisfnctory in ita operalifw, and a wheel used for 60 hornc-power in wrt muaa tu 
operate at 40 horse-power in ilr<f seasoos, and does not vary in ita percentage mots Ilian i to I p 
cenL id its effect by this change. 



It will require imly half an hour to inatrt tbene divisions, but for instant change of ^iieed cr pwtr. 
there 19 also the gate by which o.-efif[h of ila power caa bo taken off without any cooaiJenblc ehinp 
in elTt^L 

Ad'-anlaget plained by thru u,h"U m-er other firtl-el/ut wAnr/*.— lai In consequence of its mffo- 
eion betweun the two hvels of ihe full, in cara nf bnckwater, the power only chuurai by iti dimiDiniB 
of fall, but should tlie fwll remain the same, ihe backwater would not have a Uid effect 

n "P"'^'^ almve. Ihe velocity of lurbinea io general ia greater than that of woodra wbaeV 
and in hM Eaetime* and mills where n liigh velocity ia require, the amount of power absurbol in lb 
geuriOK IS gained, nrri ihe u-e of gieaainff and cbince of getlii«{ out of order i^ greatly lessened 

8<L Aa Kliown m Fuf^ 3837. BBiS. andSMS, Ihe water can leave the wheel at any angle, even to lb 
hoTiaon^jil ime. niid Huih pn-^eiila very great advunlauea where there exist rocks below, or qiiEbsnt 
or Btruclnrea which coulil n»t be removed without nmch expense 
. "''"i ?J'j';",P;|:''':'".:'f,V''' ';!'\'''""''J.*'''^'p'",<!';J"bove the movable, whore it m Bo^peoded ia Ik 
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aitfnetoir, and 8 incheB deep. In theoiy, it must contain 2 1 60-4 2 cubic inches, ndj^j^ ^ . 
^ater at; tKe temperature of raaximuin density, and at SO inches a£ the bapometor, n 62H conmaail 
or avoirdupois pounds; or, more nearly, 548391*89 grains. 

SoliiL 

1 cubic yard == 2*7 cubic feet = 46,666 cubic inches. 
X cubic foot= 12 reduced feet (plank measure) = 1728 cubic inches. 
1 reduced foot (plank measure) = 1 square foot X 1 inch tliick = 144 cubic inches. 
In practice, all planks and scantlings less than an inch in thicknesrs are reckoned at an inch. 
1 perch of masonry = 1 perch (164 '©et) long X I foot hi^h X 1 i foot thick = 25 cubicfesl 

In fact, the dimensions given for the perch do not result in 25 cubic feet^ bat this hist Dumber Iiii 
been adopted for convenience. 

1 cord of fire-wood = 8 feet long X 4 feet high X 4 feet deep = 128 cubic feet 




gram 
griuns. 



hichea. Foet Vards. Bods. VmL 

86= 8. 
198= 161= H- 
7920 = 660 = 220 = 40. 
63360=5280 =1760 =320 = 8. 



1 long too =: 20 cwt. = 80 quarters = 2240 commercial pounds. 
1 short ton =: 20 hundred weight =s. 2000 commercial pounds, 
hi the actual govemnaent standards the ounce troy is divided, decimaUy, down to the y^ lait 

TABLES OP UNITED STATES IVBrCHTS AND MEASURES. 

MKAHUaSS OW I.KNOTH. 

12 xnches = I foot. 

^ leet = I yard. 

5i: yards = i J^d. 

. *S J^ =1 furlong. 

8 furlongs = i mile. 

^ "'''' -4rods, or22yarda. j 120 fathoms = 1 cablelcngth. 

- . , Geographical awid ^atUieal Measure. 

l^^^^^^^S^^^^^rcleot the earth = 69-77 statute mUes. 

= 2046-58 yards. 

Iknot Logl^i^s. 

1 fathom =511626 feet, or 51 feet 1} + inchea 

EstimaUng a mile at 6189* fe^t^d n^lU^'U' o^ ~, ^'^^^"^^ ^««*» ^ 5 feet 1^ + incbea 

1 kuot^ . .^_ ^ ^^^"^ ^^ * ^«' &*^ « '^^ ^^ ««^* diTiwftes 

1 fathom^. . . ! . .. . '. * V. ." " =47 feet 9 + inches. 

The line should be about 150 fAthnml lU ^ " " ". — ^ ^®®* ^ ' t inches. 

rav line. "^ '^^ ^**^^°^ ^^"g. leaving 10 fathoms between the chip and fi«t fa»tfr 

!NoTB. — Bowditch fi^ives 61 2n foAt in 
«S a feet and 5 MO feet ^* "" * "®* ™»le» ^hich, if taken as the length, wiU make the diwi« 

1 nail — o, - ^^0^1^ 

1 quarter.;.:::::;:::;;;:— 2^^^^^^ =i.i6thofayaid. 

6 quarters 7 "^****- 

= ^ «n English. 

« points ^^dulums. 

^^^^^^ ^:::::::::::::, =iiine. 

= 1 inch. 

2fa 1 is 4| inches in lonirth ««^ ^*o«wa*tfr»*. 

O^ere to 28 di^Won,. '^tT^^^.^l^^ ^raX^ i, j of « i„eh. 

«wra, vi^ from 1 to 18, and 1 to 15. 

60 seconds. Oircles, 

60 minutes..::: ^=== ^ nriinute. , „ 

860 degrees .... = ^ degree. I 

^ I 120Aonn — oiAA/^ 



144 
9 



JOi square ynraa 



^««t...;:;;;—3--- =, 



40 



^^are roda. 



4 square rocnls 






24 sheets 

20 




1^98 ieet 



ft 



Cap 

i^mv 

JLT^JiV 

Hoyal 

feft^iHl 

**^phaiit 



^ qw're. 



IS 

X9^ 



X6 

19 
19 
21* 




Coluiab 
Theorei 

^■^^■quar 
U ocie Sai 



2 piota 




►Jr O.A1»AOIT7. 



2pintflL.. 
4 quarts 
2 gulloos. 

United fb> ^P«5fc«- 

-^'ooe must 



1 
1 
1 



pint. 

quarts 

firalion. 



/ 



1 quart. 

1 gralloQ. 

1 DecJc. 

1 DusJieL 



di 



not 1>^ li 



't«i- 
G jn<;l> 



*^28 cubio i 
27 cubic 



r<l busHel is the "WincK 
r distilled "w^ter at its maxiu 
in^sfde. l^i- inches outside _, 
lai^Ii, equal 2747-70 cult^i 



reee 



= 1 foot 
= 1 yard 



r*<r^//«7»tfo«**. 



V 



J chaldron 
1 cord of 
'perch 






irtHujfXfi^ 




Jeo^!^*<*ni9. 



1 ounce. 
1. j>ouod- 

1 c 

1 tOD. 



112^8 :: = 1 f^^ 

2oS!^nda : = X *^°- 

'^t 

1 Ibu •"•* ^V<33^- 



14 OS. 11 



1 d-wt. 




^4graJi 



^n 
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7000 troy grams. 

176 troy pounds. 

176 troy ounces, 

487 i troy grains. 

1 troy pound . 



1 11). avoirdupoia 
144 Iba. 
192 ox. " 
1 ot 
•8228 + Ih. « 



Goals are us 



cubic foot of anthracite coal from 46to56lb8. 

cubic foot of bituminous coal from i:i^""68 lbs. 

cubic foot Cumberland coal ^g.^ « 

oubic foot charcoal jg u 

cubic foot charcoal ^2700 * 

cora Virginia pine =3800 " 

cord Southern pine -^ « 

^uJly'piirdiafled at the conventional rate of 28 bushels (5 pka) U>AtoD=:4S'66dlieJ^ 



1 
1 
1 
1 
1 
1 
1 



(hardwoodl 
(pine wood). 



MBASCREB OW VALUX. 



X 

1 
1 



eagle. 
dollar 
cent 



. = 258 troy graiiHi 
= 41 2-6 « 
=:168 



The 



dard of gold and silver is 900 parts of pure metal, and 100 of alloy, in 1000 parts of eiiii. 



BarriBB 



Fbxkcb- 



ICKASUaSS OF I^KKOTH. 

^Yard is referred to a natural standard, which is the length of a pendnlom nbntinc .^ 
ends in vaeuo in London, at the level of the sea ; measured qq a hnsa rod. at (he 
temperature of 62° Fahrenheit, = 89* i 898 inches. ^ 

Old system, — 1 Line = 12 points = 0-08884 United States iiid». 



1 Inch. = 12 lines.... 

1 Foot =• 1*2 inches... 

1 Toise .... = 6 feet 

1 League . = 2280 toises 
1 League . = 200O toises 
1 Fatliom . = 5 feet. 



J\r«o system, — 1 Millimetre. 



1 Centimetre .. 
1 Decimetre.... 

1 Metre 

1 Decametre .. 
1 Hecatometre. 



AusTBiAX 1 Foot 

PauasfAN 1 Foot 

SwEoisn 1 Foot... 

SPANisa 1 Foot 

1 League (common) 



r 1-06604 
= 12-7926 
= 76 766 

(oommoo). 

(post). 

•OS938 
-S9i)80 
8-93809 
89*88091 
898-S0917 
8986-09171 
12-448 
12 361 
11-690 



= 11034 

= 8-448 United States milea 

Table showing the relative length of Foreign Measures compared with those of the United Statea 



Places. 

-Amsterdam 

Antwerp. ... 

Bavaria 

Berlin 

Bremen 

Brussels .... 
Cbina 



Measures. 



Foot 



« 

M 



Oopenhagen 

JE>re8den . 

flngland .... 



rence 






U 



U 



«l 



If 



u 



u 



Mathematician's 

Builder's 

Tradesman's... 
Surveyor's .... 



Inches. 



Braccio 

FM de Roi 
Metre 



1114 
11-24 
11-42 
1219 
11-38 
11-46 
1812 
12-71 
13*82 
12-68 
1286 
11-14 
1200 
21-60 
12-79 
39-881 



Places. 



Measures. 



Iadi«s. 



Malta I Foot I 1117 

Moscow I " .., ' 

Naples I Palmo, 

Prussia I Foot 

Persia I Arish 

Rhineland | Foot 

Riga 

Rome 

Russia 

Sardinia Palmo, 

Sicily 

Spain 



Strasbui^h .... 
Sweden 



Foot ... 
Toesas 
Palmo. 
Foot.... 



1317 
10-88 
12^86 
8827 
1286 
10^9 
11-60 
13-75 

9-78 

968 
11-08 
66-72 

8-84 
11-89 
11-69 



Tablk ahowio^ tiie relative IcxM^tl^ oT 



PlMefl. 



JJanders 

"ranee 



« 



Arabia 

Bohemia 

China 

^nmark 

England 



Jtfile 



X.i 



Oe<9£;Tsaj>biOiSLl . 



2" 

2C 
6C 



«c 



Oennaoy j Mile, long-. 

gamburgh .... / « 

Hanover 

Hoiiaod 



42 
lOl 

lis 
63 



M 



o;^ 



■^010 9ystem.- 



1 
X 
1 

J. 



c 



Tablk showing the rebation of 



PiacM. 



Canary Isi*^" 
•England . 



Geneva 

Hambui^h 

Hanover *" 
Ireland 

Naples ';; 




Bacnei 



The 



disti 






Imp 






1 cb»*^"^ IT 
1 ^i.-,iaroO 
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Table showing the relaUve Capacity of Foreign Li^Ud Affosuret compared with those of the 

United States. 



Plaoee. 



Amsterdam ... 

• • • 

Antwerp 

Bordeaux 

Bremen 

Canaries 

Constantinople 

Copenhagen ... 

Florence 

« 

^ ******* 

France 

Geneva 

Qenoa 

u 

Hamburgh .... | 

Hanover 

Hungary 

Leghorn 

Lisoon 

Malta 



Cob. inch. 



Places. 



Anker 
Stoop 



Barrique.... 
SttiWens ... 
Arrobas .... 

Almud 

Anker 

Oil Barille . 
Wine " . . 

Litre 

Setier 

Wine Barille 

Pinte 

Stuligen 



Eimer 

Oil Barille 
Almude ... 
Cuffiri 



2881 

146 

194 

14033 

194*5 

949 

819 

2856 

1946 

2427 

6107] 
2760 
4530 

90*5 
221 
281 
4474 
1942 
1040 
1270' 



.Naples 

M 

Oporto. 
Kume . 



MeMurpa. 



I Cttbk inch. 



I* 

€4 



Russia 



Scotland 

Spain 



» • • •*• 4 



Sweden. 
Trieste.. 

Tripoli.. 
Tunis ... 
Venice.. 
Vienna ., 



Wine Barille 

OilStajo 

Almude ..... 
Wine Barille 
Oil 

Boccali 

Weddras .... 

Kunkas 

Pint 

Oil Caffiri.... 
Azumbres . 
Quartillos... 

£imer 

Ome 

Mattari 

Oil " 

Seochio 

£iuier 

Maas 



2544 
113S 
1555 
2560 
2240 
80 

752 
94 

10S5 

662 

30-5 
4794 
4007 
1376 
1157 
628 
SiSi 
86-38 

1 



Table showing the relative Capaeity of Foreign Dry Measure* compared witb those of the United 

States. 



Places. 



Alexandria .... 

u 

• . * . 

Algiers 

Amsterdam ... 

« 

... 

Antwerp 

Asores 

Berlin 

Bremen 

Gandia 

Constantinople 
Copenhagen <.« 

Corsica 

Florence 

Geneva 

Genoa 

I Greece 

Hamburgh .... 

Hanover 

Leghorn 



Rebele .. 
Kislos ... 
Tarrie... 
Mudde .. 

Sack 

Viertel .. 
Alqiiiere, 
Schcffel.. 



n 



Cub. iocb. 



Lisbon. 



(Madeira. 
Malaga. 



9587 
10418 
1219 
6596 
49n 
4705 
781 
8180 

. ^^^^ 
Charge 9288 

Ki«los 2028 

Toende 8489 

Stajo e014 

Stan ]449 

9?"P«« 4739 

Mina I 7883 

Medimni 2890 

Scheflel I 9405 

***^ter .'*..'.' 6868 

^^P 1501 

o"cco 4508 

Alquiere 817 

^'*»«ga 8268 

Alquiere 684 

'^""ega 8783 




Malta .... 
Marseilles 

Milan 

Naples.... 

Oporto..., 

Persia 

Poland 

Riga 

R(>me 

M 

Rotterdam . 

Russia 

Suruinia 

Scotland . . 

Sicily 

Smyrna.. 

Spain 

Sweden 

Trieste... 

'IVipoli... 

Tunis 

Venice 

Vienna 



Faiwca I Cubic foot. 



Measures of SoHdity. 



~ . t-. 



1P\ 



^^uvcnBL JR^ 




1 JBZUofirz- 

Sfamish ...•.-.-.. X 

SwxDraH -••-...-.X 

Adstbiam- ..-.,-....... X 

P&UBSZAN X 

JToTEL — Id the ne^w - 
A^^ and Grammesy ar^e 

^iUi ezpresoes the XO<K>tlm 

Ceaiti •• «« XOOU:^ 

I>eci « *« XOel\ 

Deca «« •* XO 

Tabi^ ahowingf tlie 



XOO^ 

1. 




13 



MrP^ • . 

Alexandria . 

T^****™ 

Anmterdam ... 



RoetoJi 

01c« 

Rot toll 



^erp 



Batavja 



Ca-ttrjr 



xo^- 



S^rl«» I PouxxcX 3; 



Cairo. 
Oandia'*" 
Ohina '■ 



Pyprua 

veoey^ • 



a»«^r - 



y> --- 



1215-3 
90-9 • 

xo^- 

3^-«^« 
13X-^^ 

X3^-^^ 
02-SX5 

^3-«S 




wir^tjn BDfirM^ 



For 



State* 



^^^^i+i^**'' I 



WHEBXS. 






...PHatfadlDlSM.. 



I m 




"^.. 



3»T-a. W. Edd7^ tiMeiit, IM. 



Itf'®^^* 




yriOE BOPE MACHINEET. 



Ibe wheel in the 

other BO rapidly 



"• ■=-"" ':r^:r^^ tb^--'«"^ «^pe?::^fr^ the.. 

■ _ _!?.rr^w DTfi«te9t ot the commencemeDt of k toj 



otlermrapidlyftetocausehttleresist^iice^" -o ^ r y^ 

their MUon, a/d in coming oat they aUow ^« 'J^™^" (^^enimeat cf » TOjige, p«fel!^ * 

It ,hou d be » !oDg one on ^.""i^ °f ^*tin^n2^ uTe whrele are. therefore, l=m»i«d.^«T4^i 
amount of lonpage and other "'""^^i^^^ the ^«.t«nce; bat thie 1<». of power dnaiwAa - 
the water, -which has the effect of increasuns •"= 



veiPsel proceeds. The adiuBtow of the floats of paddle-wheels to the requimte depth of ammwi m 
called reyJna (Ae)*oa/», and there to some difficulty Connected With it ; but tho nefwlmayhtiaitlj 
rectified with the cycloidal wheeto, aa the outer floats need not be fixed at atartiw. but fitted ten lix 
vojHge proceeds ; and the larger the wheel, the less will the veeael be aflected by this defect, u ^ 
diameter of the wheel increasea in a greater proportion than the variation ot immmro <i the tomI; 
the latter is conaequentlj proportionately leas than other vBsaela, when each are ladctL 

WIRE COVERING ftLACHINE. F^- 8924 is a eimple machine for covenM boooel ct tel^nfk 
wire, and which may be easUy conatructed. There are other kinds of machinea which we Wit mg k 
operation that can cover five and aix wires at 
opce, but this one is certainly not surpassed for 

A A, sole of machine, made of wood, into 
which are mortised the two uprights B B, only 
tme nf which ia ehawn — they ore placed about 
three inches apart; C, upricht frame for carry- 
>Dg shaft D and tube E; F F, two roUers for 
drawing throug-h the wire as it is covered : the 
top roller ia made of lead, so as to give pres- 
sure to the wire to take it through ; E, tube or 
hollo-nr spindle through which tho wire passes ; 
QG, spur-wheel and pmion for driving hollow 
Spindle and bobbin A ; 1, brackete for carrying 
end of hollow spindle ; J, endlesS-screw for 
workiug the pulley-wheel O, fixed on the outer 
end of the under-roUer P ; K, support for 
Stead ving the wire as it passes through the 

Siiidlo E. H, bobbin contaming the thread for covering the wire ; L is a small eye fixed ioto the ^ 
it caJnea Ihe bobbin, through which the thread passes on to the wire. In usina the nudiiie lit 
y,ir^ to be covered is held by the hands, and kept stretched as it is drawn through bvlln ironJ. 
ers : stoother pair of rollers might be applied to keep the wire stretched, the same aa the S™»in]MJl_ 
^IKK ROPE MACHINERY. The machinery by which so intrakable a materi^wK 
When '?""{™ffi<t/''J> hemp, .s spun into a rope, is most simple aod complete, and has beat ™,bS 
in KngiMKlbj Mr Smith. As the dnmu on which the wire is wound deliver it to the BpimiirBZ 
of the mochiuery, the rope, beautifully and regularly finished, is seen flyintc away wilti^^i-TT 




8S8 VTOODS, VARIETIES OF. 

round the centra or dead cran^ O, may twiat of the ywm or ■wire, whidi is io tha (aatad '*°1^t^^^^ 
effectually precepted. The requisito rotary motioD i» given to the nMChme bjmeini «!»[»» .^^^^^^ 
vteela B'' and B', Uie former of which (B") is attached to the looM boM r «a the ibort nm <» "Lsflti^^J' 
cranb Caod U»e Utter (B^ to » 8b«it S, which is turned bj aataam-^ngin^wtdwaritiWTOiT^^w 
the mediimi of the riggers a a. The long arm of the dead onuilc C canieaattopKRaV"""^ ''^ 
from vhich the heart or o - -■ > . . ..» i-.i ___. ;_i i. i 

ia tnpplied. The jania oi 

R', and meet and uDite w ...._.. ^ „ ^ 

duUuce from the riggers a a, there is attached a ^orm-irheel A, the tbreads of whkt ti 

Kent-vheel f, and thereby give motion to a vrhelp-'wheel^', keyed to the axia f, ofi The nhelp^'bed 
Jserree to receive or take away the strand or rope as it ia delivered from the twiaticg or buUwfiuoe 
A orer the pulley Q. The -whelps / f of the wheely are movable to and fro ia ilMs, u miaL w thai 
they ni»y expand or coDtract (as it were) in proportion to the lay of the Btnuid or rope. ODlbtaia 
J: of the wheels i and >. and outside of both, there ia keyed a flat grooved rigger m, vbA it taaettei 
by a band n to a similar flat grooved rigger o, keyed on a separate ahafl p| whidi carriw i ii"^ 
whelp-wheel g, by whidi the strand or rope ia earned aloiiB' as it is complelai 

And, secondly, my invention, in so far as it re^ni-da the fitting and u«ine rope or eofdaga, b« ^«oal 
relation to the applicatjoa of wire rope or cordage to the standing rigging of Bhiio, lad cawl" " *^ 
improved contrivance for the porpoae represented in the figure; a representa the ode of » tc"^ l"" 
the chain-pUte ; D, a epiTng laovard of the ordinary form ; ?, a tube, in whidi the juijini ■ '°*T5i 
^ a slip aBackle ; *, a etud attached to the front of the tube f, and having an orifice m k ll«<'S^ 
Uw forelock <■ IB PWfsi By taking out the forelock «", apd pulling do^ the lobe/, the da*""? 
•^i^itTrf maVhijJF ^/ ,rP* '^J^ instanUy disengaged aa may be requSi 

of the upright piece under K. Tie journal -b<SAlSe P»e«®^ fi"«I t«g«Uw »t A. wd « u» sp 

two projecting ears ot besrinM. (one of which ia seen 

at A,) at right angles to the shaft B H, oti which ears 

it is supported, forming a fblcnun to the shaft B H - 

ftua p™»er™« tlw .bearing of the shaft A perfect! 

while the end H is raised and depeaaed in the pn>ce« 

ofwOTking. B is a movable collar for adiustioir the 

shaft and rolla longituduiBllj, with great nicet? O 

is a binding screw for ktepioK the ooUar in plac^ " Tn 

the Shan concealed by the collar B, is a spi^ groove 

into which the bindiig screw enters. Thus, by turn 

ing Uie collar on the ^^"^t* longitudinal idjust 

meat can readily be obtamed. ITie movement of thn 

rolls H H is secured in the usual manaer by the c^T 

necting geering G O. F ia a gage extending betwe^ 

the roTla, w^th a Bpnng F, an3 a thumb^n^iTfoTId^ 

JDstmenL 1 is a fotmiDg gage, consistiiur of a frit^ir^ 

toll attached to the «de of a short rod%r sLftT^ 

having its journal bearing in the frame. On thn !« 

end o? this'shaft is a raiSiet-wheeT^^^ ^a^n^^"' 

et is tt latch E for holding it in place. At^ /BorirS*^*" ^^ '»^«^ P^ilion. Kitt«^ 

In the working of the machine the bearimr tt A^V^^' P^^^Biog the latch^ the teik^ ^^ li*)it* 
mgoa its cars, accommodate, itself to the Ifiafti^ Yi J? rema&a perfect' for Lis !«^ "ftkcjilc** 

lODBtrvctJon, readering tba machine siMfi^ntlwi I?^^"*" necure Rdran*. . a . 

WOODS. VAErBTIES OP h^T! -a ^ f machiaea. *"*«Pt*tM» to pUtea of d^flonoii^ 

of the materials from the .ageUble la^^^^"^""^^ ^rtK. B»- «. .a. . 

aba,d».tl7.opfliodlBr«>lSS3i^?ffi!? "» tko wood. %Stt^^'«^'«^''''^,''V 

praclicaa. ' «««aonitjle portion of thei^*^"** oountnea, -•^L^'"'^ 

Tlvo wwdo that are moat oommtmlv em l _. ° fwaUiar to ti» ■» """Ml-J 

lbt.toe.ther.ith0.amo.taolh,„,Ic,/,„^Pgod a, thl. oonnt,, _„ 

■n,, geearal o,d.B.l"dmg of ,h. pri„^i"°S °<>l«,o,l„o oSiSJ-^ ' - 

brief examioatJon into theoBlructura which. ^„'*'"«ooaa of tt-f^I^^ "•«•»■ ,a,«^w. 

prapat^l by the optici«. 6r that i£C„ J,,"'"- S»80 a,, d^^ ""l >>~»tirollj Z^'^SS, 
SJSod to abonftwio. their 1I„„ di.u"c ' ^« l«noipal uS^r^" "■'» °«'»""KlaSS 
^. 392a. which repn™!. tb, horiaS S ?' ^™"'~pSS,7^'?'" "" "P"»«=«»*~* 
the amuufement of f )>~ ' -— -_^-.._j ^_'*an3Vetaa «i«.^^ir fJ'- ^ i^t^ 
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AU ^e^n^loffena are considered to oommenoe from a circular pithy etem, which is entirely sofid; 

T?;?, l?««Sfi°^%?'^";J^ solidity, with the exception of tlif tutes or poree extending L^- 
at their length. The bamboos extend m-eatlv in HSoJl*.- "* ^-. *« k.w^™ii,«ii««r a^Z^ ^Ca^.. 



**?!l^ ^^«St°®%rT!:*'^™* Bouauv, with the exception of Uie . ^. r — ^ .- 

out their length. The J»mbooB extend greatiy in diaiieter, so as to become h<dlow, except thedia- 

3933. 



uuv ui«» X ^1- *"'' ■«"*"ooB exxena greatly in diameter 
phragms at jtlje knots ; these are often used as cases for rolk 
of papers. Tlie pahna generally enlarge stiU more consider- 
ab^to their e:^reme s«e. whicfi, in some cases, is fif^Sm^ 
the diameter of the onginal stem, the centre being soft and 
pithy. 

Some of ttte palms, <ka, denote each yearly increase bv one 
of the nngs or markmga upon their stems, which are Xays 
Boft in the «F>I>er part, like a green vegetable, and te^te 
in a cluster of broad pendent leaves/^ener^y anntS^^d 
when they drop off they leave circular marks upon the kt^ 
^hich axe aometunes permanent, and indicate By their n«m 

to proceed from the leaves, and are considered to be aniTiJ^ 

^^their root., andUkewise to assimilate S^ LctioT^re 

downward flow of the sap from the leaves ^f fl,^ !. ^® 

whereas in tbe palms the? constituL senate and Z^^'i 

fibres, that first proceed inwards and tE^-lf" detaohed 

vrith a very long and gradual sw^en tK^ ¥^ outwards, 

fibres to be i^rranged in^ ve^3' ^T^^^^^^^'T *^« 

08 in the figure.* *^ ""*"y, and m part mclxced. 

The substance of the stems of the rualmc • . « 

physiological botanists to be p%^l ^^ ,>^ °ot allowed by 
KTowa exteriorly, and possess^ Al ^L * (which in sU cuscs 
Si Fig. 8980.) wWeasC^^irLT *f *f ^^ ^^"^ '^^^ 
set, or theverUcal fibres; and ^Ultl,^ ?°*® *^*^® °°*7 *^® <>°« 

yield an abundance of valuable D?r#f?^? »aany of this tribe . 

ical climates in which they flourteK i **«^tives of the trop 
as wood ; amongst other purposes 4 »1 * portion of the lower part of the shell of the tree is available 
ance of water, and the IsLrsrerr^IZ' ?naaller kmds are used by the natiVes as tubes for the ooorej 

The larger palms genemUv r^^ ^ J^^sts and beams. 
as in Fig. 8981, the smaller sizes *^ ^ ^^ ®^^ measuring about the sixth or eighth part of thcdrde, 
with the fibres half size ; but S ^^^^^^^^ entire ; Fig. 8932 represents a small piece near the ootside, 
« of the fibres, and the or^i ^ ^'"©rent palms vary considerably in the shapeai magnitudes, and dis- 

• • ^*^***^ and denai H«a of fTi« two Tiarffl 




/ 



tances of the fibres, and the col ^"*®'«nt palms vary considerah 
In the vertical section, Fiff qq'Jo*^^ densities of the two parts. 

imbeddprl in o anKa^..^ .o' oooo. '^nrbif^Vk ia nl<w^ #lMi«n k.ir gi2Q 

devoiu uj uuruus ttirui;irur<3. Auciuuav- 

some of the palms and use them as nail* ; tber 

«l«A<»<!n.#« ■wmr^f •MO.J^t J-Ua.* aauk ta \t»rA Bi 



^ 1 section, fie <4qqo densities of the two parts. 

imbedded in a substance simile ^* ^Wch is also drawn half size, the fibres look like streaks or wires 
Jtante of the Isthmus of Dari#.« • , cement or pith, which is devoid of fibiuus structure. The inhib- 
are generally pointed, and in ♦iP*^^ ^^^ ^^^ fibres from '^»^- — ' " — -^ '*- *^- 



. 8 very frequentW ^ '^*^"*^®' 

govorna, in a considerable d^^^ *^^^°^*> """* lue cx)mpri»«iuu ^ w«xu« .. « cuy,^.^ ^^ r- 

served, m Fig. 8928, to have I ii^®' ***® general figure or secUon, as aU the series of riugs will be ^ 

^i^e ang-ular form is gradually i*^**^****^"^ ^ project at three points ; but with the successive additions, 

'or after a time, no material l ^^^' *^ ** would be if we wound a ribbon upon a small triangdar wire ; 

venlU^T.^/ ^?"ation amon J«f ?u""*"r® ^o*" the circular form would be otservable. 

^ o ' /}m'J^ ^^® difierent ei^ ® ""S« is due to the more or less favorable growth of the snooesHW 

rem2.t^^] "^^ ^^Sree ; whe?^!''''® ^^ ^he tree to the sun and air, which develop that side of the plaot 

Th^ ^^ stunted on that afn }^^ ^«« growini? against a wall or any other obstruction, boJome 

oCtlnr^r^'^ ""^ * ^^^^ i^ Bold^ ""^ '^ a««, from bfinf so shielded. 

/^e t£o^ frf ''' V'^'^^^^^ «« eocactly uniforS^that is section is circular, or its heart central; 

CSs tl?^ ^TTll «^'^« S^den^r^ ^^^ ^ ^ore consolidated, and of a deeper color on its oot^ wr- 

ffeije^al raoTlt^^f-^^ P^^'^t. the d?ff ^^^ accurately, in the woods growing in «,M and tempeiate d. 

«0d tSkr^^ 3 "^r'^ STowth « r'^^':^''^^^ of the ^sons, the circumstances of its situation, and the 

SoL Ki?J;« i/ ** '^ *°y occut ; ^'^^ ^^ nianv hot countries the diflference between the growmg season 

h i ^f^'^^^^'^P^l^ie ofdiMH;,'^ ^ ^"^aJl, that th^Tnes are as it were confounded, and the obaerrff 
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As a general obeervatioD, it may be said the woods do not alter in any material d^ree in reneet to 
length. Boards and flat pieces contract^ faoweyer, in width, they warp and twist; and when tbey are 
fitted as panels into loose grooves, they shrink away from that edge which happeDS to be the nwl. 
slightly held ; but when restrained by nails, mortises, or other unyielding attachmeDts, which do not 
allow them the power of contraction, the^ split with inresistible force, and the materials and labor tba 
improperly employed will render no usenil service. 

in general, the softest woods shrink the most in width, bat no correct observations on this sobjed 
have oeen published. Mr. Fincham oonaiders the rock-elm to shrink as moch as any wood, nuadtj, 
about half an inch in the foot, whereas the teak scarcely shrinks at all; in the " Tortoise' stoie^ 
when fifty years old, no openings were found to exist between the boards. 

In the woods that have been partially dried, some of these effects are lessened when thej ir 
defended by paint or varnish, but tney do not then cease, and, with diy wood, every time a new mAfe 
is exposed to the air, even should the work have been made for many yeara, these perplexiog altenUoiB 
will m a degree recommence, even independently of the chaqges of the atmosphere, the ftifitBatiww of 
which the woods are at all times too freely disposed to obey. 

The disposition to shrink and warp, from atmospheric influence^ appears indeed to be never eotirelj 
snbdued ; some bog-oak, supposed to have been buried in the island ofSheppy not leas than a thouaod 
years, was dried for manjr months, and ultimately made into chairs and furniture; it was still found to 
shrink and cast, when divided into the small pieces required for the work 

Seatonina and j^reparing the woodt. — Havipg briefly alluded to the mischiefs consequent opoi tlie 
nae of woods in an unproper condition, I shall proceed ta describe the general modes panned for avoidiD^ 
such mischiefs by a proper course of preparation : 

The woods, immediately after being felled, are sometimes immersed in running water for a few dajii 
weeks, or months, at other times they are boiled or steamed ; this appears to be done under the eip«- 
tation of diluting ^nd washing out the sap, after which it is said the drying is more rapidly and better 
aocsomplished, and also that the colors of tte white woods are imimved, (see article Holly in Gatakgoe, 
alao Ebomt ;) but the ordinary course is simply to expose the logs to the air, the effect of which is iftkted 
^11 u Pf*.P"*^<>*^ ^^^^ ^^xxi into smaller pieces, approaching to the sizes and forms in which tbey 
will be ultimately used, such as square logs and beams, planks or boards of various thidmeaaei^ shot 
le ngt hs or quartermgs, dkc. 

rnie stems and bruiches of the woods of our own country, such as alder, biidi, and beech, that ue 
need by the turner, frequenUy require no reduction in diameter: but when they are beyond the «« rf 
the work, they are split into quarterings and stacked in heaps to dry. which latter proceediar ihonH 
newer be forgotten under any circumstances. 

We know but litUe of the early treatment of the foreign woods used for cabinet-work and toniog; 
'!^L n ^'^ i" "^°P*?y »°d satin-wood, are imported in square logs ; othen, as iweww4 
V^hV^'^'^^^h *". ^^^^^'^e* Bopped in the halves^ trees, or 5i thicklunks ; but the geoenl- 
^^L^T^ .t"" *™>'« *^« «»all, and do not require this reduction ; thesJ only reach ne in billeU 

^«Tml]^ K^ "^''' ^^ "P^ ^^"^ ""d eomatimes cleaned or trimmed. 
S„Hi^nTn/w ^ni ^'^' ^V^^ ?"^ "'^'^ wasteful than the timber woods ; m many of the fcnnff, 
,wlt^^T„!^„^fli^^''^^ M' *^. "*«^^ « ^^^ ^ from ci««lar. as theV are ofWn exceedii^lf 
S^£n^c^tt?tir'* lU-defined; othere are almost constantly misouid in tfoir growtl^ and eitber 
STfour i^^Si iS J^* cavities, or cracks and radial divisions, which sepante Sie stem into ih«a 

avS[aWe^ nr^uL^'wlJ^n ^'^ .T^^^^ "^ «> defective as the bkck Botany-Bay wood, in whid thi 
Wth of t£« «W^;IJ • \^ tnmmed ready for the hithe. may be coosider;bd to be about one«* 
to [S^ Lndit?;^*?. '^***^V «^«^es stilf less ; but unfortu£ately many othen approach too warff 
^D^uTthe ^t-\Tf'7 laiKe proportion of them partake of ^e imperfections refened ^ nw* 

^the ^rd^^ *^^' ^"^ ^""^ *'« ^J coi^rison much leasSrastefuL 
to the sun or hor^/^^lu ^^"^^ <^re in the seasWng, which is often badly begun br«P«" 
dSepoSes them to c^k J!5 ^"^^ °**^^^ climates: tiieir greater impenetrability to^e air'the m« 
thJ^reTr^l^oL i^^ scarcity an^ expense^re also jiwerful ,rgm^^^ 

oeSar to the tS^^^m k "* ^^f^^^ desirable to prepare them for the transition fitun the H * 
tt^r^theVX ^ parts whicf arVnecessarUy wasted, the more intinatel; *> 

aw^^from the Grl o/*t «!!* • ® ^^^ ^^y "^ P'«»d «> ^^ ^ovae, and they should be always kept 
• It^is usual to Cio by ^W "Jk T '^^^g^^^'^' without one. ^ "^ ^ , 

flijEe of the workVlnd if ^lJ?f ^ ^"^ '"*** P'®*^ * ^^'^ "°<*«» «' upwards in length, to the goml 
ebo wood is irrejfjjlar hol^ ^ prepare every piece into a round block, or into two or three. wh» 

onack, and driven doWwitlTL ^^^ 1° the latter case, a tiiin wedge is inserted into the prinojiJ 
tlie blow, is used in tiie M»rn-f ^*^^«° ^^ '» or a cleaver which has a sharp edge, and a poU to receiw 
:E:ii^liab woods, when thev^..™?P°*'^**l?® **^^ ^ *^® hatchet, are likewise used in splitting: uptj* 
brimmed with the hatchet n/lf ^®J:^°^.^*'>e diameters required* The cleft pieces are next roogUy 
Sn tbe handfl of fK^ ^^^.2.^ V^^ ^th Uie parin«-knife. a tool of safer and more economical appUcttMB 
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r the ^ocpds toaj be increased hj their mechaoical oompreaaoo, 
The density or weight of many oi j^j, one-third or fourth of their primary bulk, aod the vei^ 
-which may be carried to the extent of '" -^^ This haa been practised for the compregaoo of treeiJaib 
and hardness obtain a corresponding mere ^ smaller than themsekes directly iDto tlie hole in tk 

for ships, by driving the pins ^^^&^.^Jl^ purposes,) the woods have been passed through roUere. kt 
ship^s side ;* at other times, (for r^uwav y^ ^^d to spread the fibres latenillj, and to tear tbm 
tliis nractice has been discontinued, ^ ' they are forced through a ring, wWch coudemea the wwd 

asunder ;t an injury that does not ^^^^ . -^ fibrous structure,! even when tested by the microEfiope; 
at all parts alike without any <^^*"''*^^*r "igr that it cuts very differently, and the pieces ahoost im 
after compression, the wood w «^°^"'' Vk]^ thus compressed into a substance as close as pitdi-piiit 
when they are struck together ; n^ ™^ °^ finj an abundance of gum or reein, which fills up imbt of 
In many of the more dense woods, ^^ *rVh irum not only makes the wood so mudi the beavier/bct 
those spaces that would be otherwise J^l* ^^^j^ manner, to mingle with the fibres as a cenieot, ^ 
t !?n1f!?X^V* *PP^*" ^ """^ Jn^^ampl^it is the turpentine that gives to the outer surface d 
l£e"at^uilX"o1Si:*~^^^^^ ^-* homy ^ter,anf increases the elastksty. 

those timbers. . « . , . m ■ i -i^ 

Those woods which are the more completely impregnated with resin, gum, or od, «» b geoenl ^ 
the moro HnniKir i. .t i^*», defended from the attacks of moature and inaecta. 

TiX^rt^^k^I^^^^ ^^^ -- *^-%^*^ by Tredgold and other, to «fefi^ 

losing every t^ a Z^H^rtion of their soluble parts ; if so. those which are natumil/ unpr^gia^ 
withUsticS^Loffiu^ate? ^y, in consequence, «ve out litde or ^^ ^,^^^ '^^^iff' 
in the change from wet to drT and on-^tbat account the better resist decay : this has beeo art^r 
imitated bv forcing oil. tar ^<L, through the pores of the wood from the one extremity.8 

Many of the w^a are Very durable when constantly wet ; the generahty are so wheo alwajs drr, 
although but few are suited to withstand the continual change from one to the other state; but ties 
particulars, and many pointe of information respecting timber-woods that concern the general prwoe 
of the builder, or naval architect, such as thm specific ^avities, relative strengths, resistaocei to iKiN% 
and compression, and other characters, are treated of in Tredgold's Elements of Carpeotiy, at cooafcr- 
able length.] 

Eloittc and non-elaaiic woods. The meet elastic woods are those in which the annual or labial 

fibres are the straightest, and the least interwoven with the meduUarjr rays, and which are tbeJetfb 
interrupted by the presence of knots ; such woods are also the most easUy rent, and the plainest in fig- 
ure, as the lancewood, hickory and ash ; whereas other woods, in which the fibres are man cm^^ and 
interlaced, are considerably tougher and more rigid ; they are also less disposed \o split in* stnigiit ff 
economical manner, as oak. beech, and mahograny, which, although moderately eh»8ti<; do not beod with 
^t,/\«% of those before named. 

i'iahuig-rods, unless made of bamboo, hav^e generally ash for the lower joint, hickoiy for the two mid- 
oie pieces, and a strip cut out of a bamboo of three or four inches diameter as the top joint Archety 
Z?^ ^^^ another example of elastic works ; the " single-piece bow" is made of one rod of hiAory, lance- 
"h^^ *^'* J^®7-tree, which last, if perfectly free from knots, is considered the most suitable wood: the 
fimh f^"*"^" ^^" is made of two or sometimes three pieces glued together. The baek-piete, or ttot 
is DM I /° ^^ string, is of rectangular section, and always of lancewood or hickcwy ; the bdi^ rhkh 
fubvx^^f^^^'^^^^^^ section, is made of any hard wood that can be obtained stnu^htand deaa » 
*natter nff 'J^^vood, greenheart, kingwood, snakeweed, and several others; it is in a great measure a 
The ^htf^' ^ *^® elasticity is principally due to the back>piece; the palmyra is also used for bows.^ 
heated V^ 1^^^^*.°^ rather the flexibility of the woods, is greatly increased for the time, when tbey are 
^ra for ah^h^"^.^ ^^ boiling ; the process is continually employed for bending the oak and other tia- 
'^^^ woo^ ^''^^''^' *^® lancewood shafts for carriages, the staves of casks, and various odier works. 
^eir ieDi^^ * ^'^^ ^^amed in suitable vessels, and are screwed or wedged, at short interrals thnwghoot 
*o l>econie ne^ ^^'itact with rigid patterns or moulds, and whilst under this restraint they are altowed 
^m the form^n^^ ^^ » ^^^ pieces are then released. These bent works suffer very little departcre 
curve, ^hich j^?^® gi^'en, and thejr possess the great advantage of the pain beii^ parallel vith the 
and gives, in fiT?^ <Oatenally to their strength, saves much cost of material and time in the preparatiao. 
, Tile inner and ' * '^^^ character to the timber. 

brought into conf ^^^' plankings of ships are steamed or boiled before tbey are applied ; they are 

^ct witn tJie ribs by temporary screw-bolts, which are ultimately repuoed by the cop- 

rit^iH?^*'^ ^ a Blo^^ °^ ^^® Foureroya fng-antea^ of the Brazils, an endt^en almost like pith, (and by the tshemea of 
«» Cf^' plant or Inri-'^*^'^* ^°'' I'&r^^'nflT ciflrars. Sec. ; also like cork for lining the drawers ufcabineCs for rasMtaJ aad ike 
* n.'w.'^'^ralov'R V^'^ "^^ China, which is still lighter and mure pithy, can hardly be taken into oompariaoo. 
T ;J^blJi] aiKl K|im£?*®"*' ^^^» ^"^ huUdlng vessela of planks only, without ribs. 

t^+ The mod* -*^'*8»ton Rail waV. 
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. 1 .*u -«^ then work outwards in diredJoiM ccnesMD^^ 
knoto, in or new the central pii^, ^^J^fT I^ oi* grow out nearly hotmaiaXijM^^^^ 
the teeee, some of which, as m the cypreas «*« «— » e ^^ 

pojter, shoot up almost nerp^adjcn^ 

ftiOBe parts of wood i^^^^^^^^^^fT Fw- S984 

..jprasents the aeotKm of a wece ot yo'w *\^^ a R dio 

i«Lri»blT wdl the direcfion of .*^e^?«2J*!5^5 SS 
flrigm of & br«KA O. and likewUw ^ ft>rm«tion «f tte 

«i^ between B u>d O; Kg. 8»86 to H»e «^J^™ ^^ 
■tem St A. In nuuiy wood*, mahogany ^JP^^SSiteA 
onrla are particularly large, handaom^and Tanegaiea, 

and are geoeraUy produced aaex^*^ ^ ^„,„^ 
It would appear as if the germs o* J^u^'«.^«r*k 
brandies were sStat a veiy early period ;°£ J^«^™ 
of the centad stem, and give rise to the Imots, ma^ of 
which, however, fiul to penetrate to the cxtenor w as to 
produce branches, but are covered over by the more vig- 
orous deposition of the annual ringre. AU these knots and 
branches act as so many disturbances and mterruptoons 
to the uniformity of the principal aonos of ^oreB^wh^ 
appear to divide to make way for the paseage of the off- 
shoots, each of which possesses in its ajm a filanaent of 
the pith, so that the branch resemblee the general trunk 
in afi respects except in bulk; and again from the prm- 
dpal brandies smaller ones continually arise, endmg at 
last in the most minuto twigs, each of which is distinctly 
ooDtinuous with the central pith of the main stem, uid 
fulfils its individual share in causing the diversity of fig- 
ure in the wood. 





.yewfin Fig. 8984; but after a little whUe it appears as if the branch, from eWtmg bo mwj nwe 
rapidly than the deposition 6f the annual rings upon the main stem, soon dwt ttrougb 
enUrely detached, and the future lii^ of the trunk were bent and turned ahghtiy aside iFlnt^ 
encountered the knot, but without uniting with it in any respect , , - _a.u j i . . 

This may explain why the smooth cylindrical knots of the outer boards of wbite ded,pme,fc,» 
frequently drop out when exposed on both sides in thin boards ; whereas the twp«itme m the red nd 
yellow deals may serve the part of a cement, and retain these kinds the more firmly. 

The elliptical form of the knote in the plank is mostly due to the oblique direction m yghaA iky 8« 
cut^ and their hardness (equal to that of many of the tropical hard woocfe) to the ^^weepwinng of h 
annual rings and fibres M which they are themselves composed. These are oomjireflBed bytben- 
rounding wood of the parent stem, at {he time of the deposition ; whereas the P™^1P^. ^7«n of t)» 
stem of the tree are opposed alone by the loosened and yielding bark, and only obtain the crtfiBs; 
density. 

The knots of large trees are sometimes of considerable size. The writer has poalions of one d&m 
of the Norfolk Island pine, (uirctuearia exeelta,) which attained the enormous sue of about four feel 
loii£^, and four to six inches aiameter. In subetance it is throughout compKact and 8oli<l, of aiani-tn» 
paj'ent hasel-brown, and it may be cut almost as 'well as irory, and with the same to()b,eitiMriol9 
•crews, or with eccentric or drilled work, Ac ; it is an exceedingly appropriate material for oninflilil 
tamiDg. 

It is by some supposed, that the root of a tree is divided into about as many parts or sobdirinn s 
there are branches, and that, speaking generally, the roots spread around the trunk ODdergmiid to 
about the same distance as the branches wave above ; the little germs or knots from which tberpRmd 
beisg in the one case distributed throughout the length of the stem of the tree, and in the other cnnrded 
to^^ther in the shorter portion buried in the earth. 

Xf this be true, we have a sufiicient reason for the beautiful but gnarled character of the tooIb of tns 
•^lien ihej are cut up for the arts ; many a block of the root of the walnut-tree, thus made op of n^ 
l^ots and curls, and that was first intended for the stock of a fowling-piece, has been cut into Tenia 
gixxd. arranged in angular pieces to form the circular picture of a table ; and few pictures of tiuimtyii 
viod "*^iU be found more beautifuL The roots of many trees ah " * 



- many trees also display very pretty narloDgs su 

mr&^^ mto veneers^ and those of the olive-tree, and others, are mucdi used on the oontinaifeii,^^ 



llie tons of the pollard-trees, mu^h m »Iia r«wl /vilr oim 



irui mtW 



iV.!. 



Qg^ WOODS, VARIETIES OF. 



parallel lines more or le«, wavedfrom the -^-atu'^ of «.e ^^^ 

Sd the damiisk pencillin^i, or broad curlj^ ^^^^^J^n^^e^nSl^ 

ravs or 9et>ta^ whfch undi&te in layers from the margin to tne cenxre {'\^"*^'J^'. . hcrc«i»^*^^^^<i/ 

Srioog'&nli fi^es, above eome^of them and below ^«"^ ^^he pl^e o^^^ 

Sterse^te portions of these gronpe, exacUy on a level with ^^^^'^Pf "I^Xa^ IL of the "W^f^ 

!«mn^onrare Dartlv remoTcd in shaving, and the remainder dip beneath the ««f V. l^^*-^ 

ri^r^SSi^^eWeiTcontinoity ; this ^H be seen when the septa are pnrpoeely cut thiuogi k>. ^ 



^ uSti^pecting the ends of the most handsome and showy p eces of wainscot f«^«^ 
it wm be found tSat the surface of the board is only at a small angle with Uie Imes of the iwd 
rayJ^o that »na«y of the latter- crop ont- upon the ^^^^,^^ ^.'^'^^^.'f^^^t!^,^!^: 
aeldom flat, their edges assume aU kinds of curvatures and elongations from their oW«l"«f *«^^5°^ 
All these peculiarities of the grain have to be taken into account in cutting up woods, when the iii»-» 
ahow7 character is a matter of consideration. , . . ., n — :« m^^ 

The same circumstances occur in a less degree in all the woods contama^ *^®^S™^I!j5^ 
oriental plane-tree, or lacewood, syc^iinore, beech, and many others, but the figures •'^"^ff^^g^ 
smaller, until at hist, in some of the foreign hard woods, they are only diatingmshftble on ci^ ™^^ 
tion under the magnifier. Some of the foreign hard ivoods show lines Tcry nearly par^ fSe i£e- 
angles to the axis of the tree, as if they were chatters or utters arising from the vibratioooiuie^'^ 
iron. The medullaiy rays cause much of the beauty in all the showy woods, notwithBtanamg 
rays may be less denned than in the -w^oods ated.* . , -^ jua- 

to many of the handsomely figured woods, some of the effects attributed to color ^7 ^^^^ 
ask, be more properly called those of light and shade, as they vary with the point of ^^^^^ 
for the moment. The end grain of mahogany, the surfaces of the table-doth, and of themoiJKMn-^W 
shell, are respectively of nearly uniform color, but the figures of the wood and the damisk Wtt tto^ 
the various ways in which they reflect the lights 

Had the fibres of all these substances been arranged -with the uniformity and exactitude of a i^ 
of plain doth, they would have shown an even uninterrupted color, bat fortonately for the h^l^ 
and picturesque, such is not the case ; most fibres are larranged by uature in iiregnlar cwred haea, *^ 
therefore almost eveiy intersection through them, by the hand of man, partially removes eome *^ 
exposes others, with boundless varietjr of figure. 

If further proof were wanted, that it is only the irregular anangement that csomb the daanakj' 
variegated effect, we nught observe that the plain and uniform silk, when passed in two thidaiesM» «*J 
to face, between smooth roUers, comes out with the watered pattern; the respectiTe fibres mutoji^ 
emboss each other, and with the loss of their former regular chanuster they cease tot^ftRsi^''^ 
tlntf 




ai the display of the ^V^\^t^t^ ^^ ^^^i^^^,^}^^*- ^°«»d be "eedless tS^^S^^-f^f 
by colored Sgarea.\ ' ™°'® information than any description, ^^^^ 



Those woods which are variegated both in 
rctahoganj, 
are more 
cyrvaments, 



ii, the object causes a diversion in the forms oftH^«^If ^^^^^^J the best dispUy o^- X^Sadet^ 
ntxinate abruptly, round the mouldings which ha^e ^^ f?^ '^^^^ «^^»^ i^J^^A,^^ 
undulated with infinite variety into curves of aU lri«^ ^x.^^^' a^d upon tiie ^^T^^liDeHliey^ 
dental intersections of the stripes in the woodsT "**^^» which often terminate U» frM%»li«nibe«^ 
The elegant ^orks in marquetry, in which #1^-* a^ ^ u 
attempted by €je combination of pieces of nat^aSv^i ^^ ^^^««. ornamental tf^'^^}^ 
^urauy colored woods, are invari^^^y ^i^^^^ 

• The Cuticwm hranat, from Carralho da Tc»*«« «> •« 
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compositioo, anil cemeDting or otherwwo fixing it on the tur&ce of the wood. Tie toma modf i 
expensive, the Utter is inapplicMble on manj occasions. 

"The invention of Mr. Straker mnybo naed either by itself or in aid ofearving; and depend) on lit 
focta, thatifadepresaion be made by a blunt instrument on the aurhce of wood, such depraud (tn 
will again rise to its original level by subsequent immeraioD in water. 

"The wood to be ornamented having first beeo worked out to its proposed eliap^ ia is 1 9tUr Is 
receire the drawing of the pattern ; this being put in. a blunt steel tool, or boniiflier. or die, is to in 
applied succesaivelj to bII those parts of the pattern intended to be in relief; and at the aune timtii 
to bo driven very cautiously, without breaking the grain of the wood, lilJ the depth of the depesra 
la equal to the aubeequent prominence of the figures. The ground i.t then to be reduced bi plimij 
* ""^K '" ""^ '*'^' "^ ""^ depreeaed part ■ after which, the piece of wood b ' 
eitherhol or eold, the parts previously depreaeed will rise to their fonner height, 

oJ^i''""*"'' "'"'^ ™*Z.*" finished by the usual operatioos of carving.'' 

Wtrtn*iBy an<f awrpin^. — The permanence of the fonii and dimensions of the woods requrre jw 
tioular congiderBtion, even loore than their comparative deirrees of orrament, espedaUy » ftocm 
those works which oonsiat of -various parts, for iQeaa thej %re combined with a due rt^ard U, lU 
alreogth of the pieces in different directions, and to the manner and d«ree in whidi they are lihljl. 
oe^innoenced by the almoaphere, the works will split or warp, and may prohably be rendered . - ■" 

KM^^fi"^' Sf ''u ^ ^"^ " materially smaUer tliao in ita first or wet >U1^, and as it is at « 
ilf^^.I^^Ltl^'^ moisture from a damp atmosphere, and (o ,rive it off to a Kir,- ooe. even after iimg 



beentl 



id, the altemli 



np atmosphen 



althotigh in a Ii 



IS degree. 



litOoln th^o? . ■'''Kf"'"^ "^ the ^™y(A of the fibres is in general verj- inconside^Ue,' Ilii* 
fo^lan eicellw^h,^™, , diametrically out of tie centre of a tree, or the crassway of tbtpw 

twodirectioDsorths,™ia:w«S^I^, difference in the general circumsUincea of the ^o»di, ■ ^ 
those of joineiy woWdch tfff^*^ ^ ""'"^ ^'«' « "^' ">« purposes of turning, and Jtenri|4 
state. •' ^^ "'"**'''" '^'''^''•'ecessaryUireSert to the wi^din its original, or ur««^ 



state. ' ^ ^'" "^^"""^ " necessary to 

ri.S'th^n"^S^^o3;T '■'"' 'r'"'""^ ^^"o "f 'fc« wood, ^d we «ay supple U« « 
eiplanalioi., I will supp^Tto be t^ 1°^^ °^ ^^^^ "^ ""if"''" «''*' ""^ °^ "'^'^ f^ ""•* "^ 
. .^en the log of K^e^ w^^;}*'5_™'*-''"''<i^''."' "fa. 



the log of green wood ii 



— — ■"& "1 e>cBu woe 

Bides and ends, whereas those 



imposed to a dry almosphe: 



n diameter. 



_ _ fibres contract botlW 

phere, and neilj retofn " thTdr ^^ ^cin a measure ehieiSed from the immediate effect of «« "J" 
the one hundred and tenth nr .^'^"''' dimensrona. Supporing all the outside fibres to be reducai n 
longer fill out the original exL^ nf ?h '^ ""^ ("'entleth of an inch, as the ertcmal »™a a» » 
divTde, not singly, but into J^ou'JVf, '^'''''' ,"'«'"'<' «'''°« «" «'«J' •^'^ ■*'"''" "'^J' ^'^v^ 'I' ^ 
causes the parts of which ^ iT^. ■ * '^-^'^Wing contre, or the incompressible mass wilkn the u4 
the natural U.dentalions of the ml ™/^ composed to separate, and the diVisi™s occur in prel^ 
to commence. ^^ ""^^w. which appear toindicate the places where the sp&ti w 

to?:.£5T.f rrs-r,!" "■• ■■"'■ " "■ ""■ 

Wera of fibres, M in Fiff 8917 ^^li"'"^';.'"'"*''^ "le 

'" -^ ■"""X"' sSiSS^' i;i'* -,' ■»= 



•lUnd. both c,™ .nd 5lEt "5*" "* ""I* mj 

few weeks, dam or even t^Z^ . '*° «P<«ure of a 
phere, will meli..?° .^J fe- » ■ iofZ, .fe',; 
men, t.-idl, n. l„rd„PX„ wLy!" % "■i tt. 
p.n.lr.b.lil,»U,.dr. T.i.effSj''™ i" uaJW 
by covering ttie ends of (be „ j " '" part BUved 

The Wiiontal ,|ice or blo.1, 

b. ra.W., m, « « Fij. SaasWimii. «,d .UriKli,™, m liJe p.t.1 nniforai. Tb. .nnml ni«s'I« 
■ "T'J ccmceotric -withtbe object, tbe fibres around the 
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When the opposite eidea of a board are exposed *^^^^^^^te manner that expaied to the dry air 
fibres on the one side ^^^ j^^^^ ^^^ convex, and in *^t^^ii«tances, when serend pieces of wooi are 
or heat wiU contract slx^cI become concave ; from these ^^g^^id'hc continnaDj duin«d, thstM) 
placed around Ihe ro^Mx or before the fire, « to airr/^^ *^^,rvature. To remedy the defect when H 
Siay have equal treatriaent, ao as to lessen the ^^^P^''^J?x,T^hi3A it is ohviowij better U> he sfti^ 
may have occurred, t^^ joiner exposes the <5onvex side to the nre, duj, j r- 

ing of these sudden cj^angea. ^ ^ ^. ^„_.l ♦i,^ board : if fiw instance, ve pute 

"*Any unequal treat^ient of the two sides is almost ^f^'^^^tl^i^le^^ the snrftcesSd miai 
a sheet of paper »P^ one side of a board, it will in the ^^ '^^VTand the papered side h, 
convex; « ^^^^^.^^^ H contracts, it forces i^e ^<^J^-,^^^,^l^g^ 
comes boUowj^^whea Wp ^^ papers are pasted ^^^^P^^% onTpiece oflood; hence it«o«i 
^^ur. A smidar effect is often observed when a veneer is g^^f^ ^° * ^ ^^^ j^ ' ^ m thio aa; 
to sweU the surface ot^ ^hjch the veneer is to be laid, ^X ^«**^°? '* JX*u?£^ 
^ as to make it moderately round ; in this case, the wetted ^J^?^^^^^ ^tXe.^ 
of the veneer, are expanded nearly alike by the moisture, and m dryipg they also conoraa aui^w 
under favorable management the board recovers its true flat ngure, oosbwk^- 

The woods are much Ie«, Hi«w^«H ♦« K*»^«r«« curved in the direction of their length, ihan owswiy., 



The woods are much less disposed to become curved in the i*«^^«^ — «--- ^17'; li," k«.-j ;, ,«„ 

but another evil eqaaUy or mornntractable is now met with, as the general Bguie of the hce^^^ 

or less disposed to twist and warp, so that when it is hUd upon a fet surface it toucb« ^J^^^ 

diagonal comers, ana ia said to ie - in wifuUna." This error is the ?«» «7^"«^^ J*^^^ 

giSned pines and inahograny, which are therefore selected for worfe in which ^^^f^^ 

matter of prinaary importance, as in models for the foundry, and objects exposed ic great viCBflnio« 

of climate. 1.^*1.11^ 

The warping may arise from the curved direction of the fibres in respect to the lepgth of «iepw 

and also from the spiral direction in which many trees ^row ; in some, for example, the ra^ws or w 

bark are freauently twisted as much as fifteen or twenty d^^rees irom the perpendicular, tnd «^ 

times even thirty and forty. The woods themselves when split through the centre of the tree di»f 

materially ; they sometimes present a tolerably flat surface, at others they are much in ™*J? * 

twisted, a further corroboration of the " spiral growth ;" we cannot be therefore much surprised tot 

the planks cut out from such woods should in a decree pursue the paths thus early impraaied opai 

them. 

Boxv^ood is often very much twisted in this manner. The writer had a block, the diameter of ^ 
was nme inches; its sur&ce was split at ^Te parts, with spiral grooves, at an angle of nearir aurtr 
aegrees widi the axis; these made exactly one compUle reoohUion, or one turn of a screw m theki^tt 
o» the piece, which was just three feet 

On the other hand, the Alerce, a pine growing in the island of Ohiloe in South America, io *I»^ 

«er of a,bout four feet, and whose wood resembles the cedar of I^banon in color, is so rcinariaWT 

«PRight in the grain, that it is the custom of the countfy to aplit it into planks about eight feet kng*" 

»«ven inches wide, which are ahnost as true as if thev were cut with the saw, althoc^ of coarse vsA 

quite so smooth "^ 

To correct the errors of winding and curvature m length, the joiner, in working upon r^ pieeea, first 

P^es oflF the higher points so as to produce the true form by redoctioa. But when the objectetf* 

«ag and thin, they are corrected by the hands, just as we shouW straighten a cane, or a waUdng so* 

^cept that the one angle of the board is rested upon the bench or fLoor, the other is heM in the Jud* 

*oa the pressure is applied between them. 

Broad thin pieces are sometimes warmed on both sides before the 
nre to lessen their rigidity ; they are then fixed between two stout 
nat boards by means of several hand-screws, and allowed to remain 
until they are qmte cold ; this is just the reverse of the mode of bend- 
ing timber for ship-building and other purposes, but applied in a less 
elaborate manner. 

In concluding this division of the subject, we may observe that the 
dinnkmff and contracting of the straight-grained woods, especially 
deal and mahogany, cause but little distortion of their general shane 
after they have been properly dried; but the diversity of grain a 
pnncii»I cause of beauty of figure io the ornamental wcwds, i^at the 
game time a source of confusion in their shrinking, which bein^ called 
on to puraae maay paths, fwhich are iiarjiJl«l wi*K f h** ak,. - 



W> ^% ■«« ^k *«.«%.■■ 
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1.. ^ ♦!.«. tnremoK ot the board migbt '^m'^teW^C^ 
mortises in O H beiog «>««lt««*We ; or tne Brre ^« ^ ^^ expansion rf tlie aoW **"* "**• 

roanding ; or the entire frame would «^"' . damps, and force tbem to beod . . 

powerful than the resistance to <*ange m tne t^ ^ ^^^ ^^j^ ^ ^^^^ ,jjj«« ,( ftj ,5^ 

It is therefore °l>."°«» *^* ll .'^{tKh^ their atoence. the shrinking nught Wtmy4e>3 
the use of clamps is hazardous , a^"''^"^ j^ , ^r^^Wt>W across, without camoit an^ f^v • i- : 
from the plain gWjoint, even if it extended ^^^^J^' ^' °^"^ ^^^^ llltettBelliet tt 

more generally the shrinking would split *f « ^^**^"^i_ fu™ jy]^ced edire^ 

Another mile of clamping is represented at .^^ J j^JfiT^ ^^ 
undercut or dovetailed cT^ve, sliifhtly taper m ite lengtl^and is toed b^ ^ Q 



thin sUSe along the^*ufe* of large drawers, as in Fig. 8947, which strern^hen the ^d^^^'^ 
to receiVe the bottom, allow it to shrink without interfering either with the froot oTb^ioiSS^ 
In an ordinary door with two or more panels, all the mw-ginal pieces run lenjthwBw of themk' 
the two sides, called the stiles, extend the whole height, and receive the tnuisveiBe piei or rw/fW 
mortised through the stiles, and wedged tight» but without nsk of splitting, on axxSmTof their man 
width; every panel is fitted into a groove within four edges of the frame. The width of the iwri 
should be a trifle less than the extreme width of the grooves, and even the monJdiii, ^j^ ^j*^ 
not worked in the solid, are fixed to the frame alone, and not to the panel, that they nuv not intifis* 
with its alterations - - '-- ^ - — ^— *^- #v„^o«..i, :- . /™ynoimtertn 




permanent positi _ ^ ^ 

This system of combination is carried to a great extent in the tops of mahqgHQjr billiaid-tebl^/irfadi 
consist of numerous panels about 8 inches square, the frames of which are 8^ ia wide and Uin. thkk; 
the ptfuiels are ploughed and tongued, so as to be level on the upper side, and from their small liie the 
individual contraction of the separate pieces is insignificant, and consequently the general figure of the 
table is comparatively certain. Of late years, we are told that slate, a material uninflnenced by the 
atmosphere, has been almost exclusively used; the top of a full-sized taWe,of 12 by 6 feet, oonkti 
of four slabs one inch thick, ground on their lower, and planed by machineiy on their nppersorficci: 
the iron tables are almost abandoned for several reasons. Large thin slates, fiom their pennaoeoce rf 
form, are sometimes used by engineers and others for drawing upon^ and also in carpentry for the 
panels of superior docM^. '^ ' 

On glueing various works in vBoocL-^QXue is the cement used for joining diflerent pieces of vtiod; 




—«*-.-« * -.„ . , — removing the hair from the skins, but the better Mrti 

are transparent, especially the thin cakes of the Salisbury glue, which are of a clear amber cdor. 

In preparing the glue for use, it is most usuaUy broken into small pieces, and soaked for about 
twelve hours in as much water as will cover it; it is then melted in aglue-kettie, which is a double 
vessel or water-bath, the inner one for the gke, the outer for the water, in order that the tempentsre 
applied may never (?a:ctf«f that of boiling water. The glue is aUowed at firet to simmer «ntlyfcr ooe 
or two hours, and if needful it is thinned by the addition of hot water, untU it runs fit>m Sie brash b a 
fine stream ; it should be kept free from dust and dirt by a cover, in which a notch is made fcr the 
brush. Sometimes the glue is covered with water, and boUed without being soaked. 

cnue 18 considered to act in a twofold manner, first by simple adhesion, and secondly by exdodiie 
^^.^^1^^ 1 .^ into action the pressure of the atmosphere. The latter, however, alooekS 
^!^re of ^hfc \*^ *^^. '^r^'P'^ «^ * weU-made glue-joTnt is frequeoUy «eater thiJi the known 
5^not at M^^^^^^^^ 'v^^e^ it often exceeds the strength of Ae solid wood, as the fracture 
fh^fibres oflh« w!!^"' ^^"""^^ ^^^ J^^** "^ ^»*«° '^ ^"^^ '* ^^<*^^ invariably tean oat some of 
wt^^ • mahogany and deal are considered to hold the glue better than any oUier 



best 



8t in whi^rth^n^if^t.^ ^^^""^ "P^ ^^ quantity or thickness of the glue, as that joint holds the 

first ^ weU w*?^d ^f,^^^^^^ *"^/r^?K* "^^ °^"*.* ^««^^ ^/^ ~?*?^' "^J^ 

sible, as will be exrJ ^ I? ** pressed together m vanoos ways to exclude as mudi of it 



possioie, as wui be explained 
The works in turnerv «fo nnf L t • i. *. 



— t 
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Weha.emen'uon'd 3.^^^^ the general methods, and to rni^etbiH^ty of t^i.^^ 

of a proper degree of wanntHTp^^St^^ fr^m being chiUed, and of »?"«»'« that i^^^W 
^atest possible exclusiou of glu^^^* Sie j^t But for the «?"Pf"/S,te^ 
MMituer. four or six himd.scnjwl, or «Sinary clamps, or the screw-cbaps of the beiidi,a,deib;;^ 
to bmd around many of the cuiViliD^^md^Uier ^rks, wiU generally suffice. ""IT 

AS, however, the amateur may occasioDallj require to glue do^ a piece of venew, we vill, imoo. 
diwion, describe the method of -laying it wiUi tl?e hammer," which requires dods of the apM„t„,j^ 
descnbed, but the veneering hatntn^ ak>ne This ia either made of iron with a ?eiy wide and thin plaii^ 
or more generally of a piece of ^ood ftom three to four inches square, with a round handle pn^ed^ 
from the centre ; the one edge of the hammer-head is sawn down for the msertioD of a piece of sbeet- 
iron or steel, that projects about one-quarter of an inch, the edfee of which u noade vei78tra|ght,Boooth, 
and round ; and the opposite side of the square wooden head of the yeneenng hammer is roonded, to 
aroid its hurtin? the hand. 

The table and both sides of tbe veneer having been toothed, the surface of the table is wanned, and 
the outer face of the veneer and the surface oftiie table are wetted with veiy thio glue or vith a stiff 
size. The Inner face of the veneer is next glued ; it is held for a few moments before a Uaziag fire of 
shavings to render the glue very fluid, it is turned quickly down upon the table, and if huge is nibbed 
down by the outstretched hancls of several men ; the principal part of the remainder of the glue is then 
forced out by the veneering hammer, the edge of which is placed in the centre of the table; the vock. 
man leans with his whole weig^ht upon the hammer, by means of one hand, and with the other he wrig- 
gles the tool by its handle, an<i draws it towards the edge of the table, continuing to bear heavilj opoo 
it all the time. 

The pressure being applied upon so narrow an edge, and which is mdually traversed or scraped 
over the entire surface, squeezes out the glue before it, as in a wave, and forces it out at the edge; bar- 
ing proceeded along one line, the workman returns to the centre, and wriggles the tool along another 
part close by the side of the former ; and in fact as many men are generally engaged upon the sor&oe 
of the table as the shop will supply, or that can cluster around it. The veneer is fixnn time to tiaos 
wetted with the hot size, which keeps up the warmth of the glue, and relieves the fnctioD of the ham- 
mers, which might otherwise tear the face of the wood. « 

Tho -wet and warmth also render the veneer more pliable, and prevent it from craddng sod corliif 

HP at the edges, as should the glue become chilled the veneer would break from the sudden bending to 

^nicli it might be subjected, by the pressure of the hanuner just behind the wave of glne, whidi latter 

^ould be then too stiff to work out freely, owing to its gradual loss of fluidity ; the operatioD most, 

"^erGrctre^ be conducted with all possible expedition. 

. tHe concluding process is to tap the surface all over with the back of the hammer, and the doll hol- 
/^^ sound will immediately indicate where the contact is incomplete, and here the application of the 
j^^nner must be repeated ; sometimes when the crlue is too for set in these soots, the inner vesM 



^.® g*l««-pot or heated irons are laid on to restore the warmth. By some, the table is at the coodiKioa 

celj ^2^* ?° *^® ^^^' veneer downwards, and covered over with shavings, to prevent the too sodden ae- 

^ ^ *^ ^*'L ?^ ^""«. tbe difficulty of the process increases with the magnitude of the work ; the mode 

ib/rS^^ laborious and less certain than that previously described, althoygh it is constantlv resorted to 

«- e.Aie smaller pieces and strips of veneer. 

<Z;mi.,%jlACTERS AND USES OP THE WOODS COMMONLY EMPLOYED IN MEOHANTCAL AND 
A^azzm^-agi a t> r ORNAMENTAL. ARTS. 
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■ T^T ^ ' iTEneland the Saddngblips^ 

BO=«- ,'S5'?,'P«i» C"!^ WW".) to •»■»"«;. ^ ^S^C<i° iSuMM, "''-^ 
anaSoBse*^^ ^^^^^ ^™ ' Mean dimciwionB "i j j^ jeg^ibed w ^futc. brvro 

,.Sr^."^°*."' *' P'" '" »•« (bmd-tio™. bot not f" •"ijoS. <i""<» l"*"*"^ *™,'°"' 
S f ?.S »>«».«. In inKi„, „w., „ lb. tnmf "'"iji^^d <«g. 'I —Imm. ihotiiH 

^.^tss^tss z'sr.^^. rr&s£.s. •»* -^ '•- - - « M; 

B«r«-ooi,. Xd'i^lor^w^a' a^^tim« thua named, but it is genenJlr .pplirf fc ^ ^to 

bay oak— which Bee, =.,,.,.. 

JimK-BDTS. or Aamci-NCTB, rto the fruit of the Areca ealednt. or rauftt- Uiej k™ a Ihial,^ 
nnd, and in Biie sre intermediate between walQuU a"** hMelnula; ttieit general snlwaDa ij of , 
fcnit oilr-gray color, thickly rcMlted with Curly atreakB of dark-brown or Uict, The beUenon, 
Utbough softer, resemble ivorr as reEarda the art of turning; they are m«de mlo nerUumhe 
lO]ia of ■walkiog-iUcks, and other smaU objecta. The subBtance of tht betle-niH loplboTith 
qukklime, ia chewed by the generality of the natives of India. 

Fig. 3941 ie the section of the betlo-nut full siie, and at right angles to tbe itslk % iMg ;, f 

the section through the line of the stalk, which shows the centr^ csrily. Eiterailij Un ouffa » 

CMutitute a tortuous runniug pattern, as seen in the turned knob. Fig. 8949. I 



BiRCKwnoD. A forest-tree common to Europe and North Ameriot ; the finest is from Ciosds. S», 
John's, and Pictou. It is an excellent wood for the turner, being Jigh [-colored, comptel, ud easaj 
worked : it is in general softer and darker than beech, and unlike it in grain. 

Birchwood ia not very durable ; it is considerably- used in furniture. Some of the *ood i> ilniat 
as bandramely fibred as Honduras mahogany, and when colored and vamislieit is not eaiilj di>- 
tinguisbed from it The bark of the birdi-tree is remarkable for being harder sod more dmbic 
tlia.a the wood itaelf : amongst tbe Northern nations it is used ibr liles for roof^i, ia shoes, hsbi, i^ 
and in Canada for boats. The Russiaos employ the tan of one of the bircb.tms to imput the 
scent to Kuasia leather, which Is thereby rendered remarkably durable. Hie inner bsrt ■• wed 
for making the Russia mata 

rrhe English birch ia much smaller than the Americas, and h'ghter in color ; it is chiefly raed for 
oonjinon turnery. Some of the Kuaaian birch (called Russian maple) is very beautiful, and ti i 
fiiil yellow color. 

Setula alia is the common Inrch of Europe, and the most coromon tree thronghout the Rmvi 
Empire. The Russian maple of commerce is thought to be tbe wood of the birch. Bii^ 
tenia, mabogany bircli and mountain mahogany of America, has close-grained, reddUi-tmii 
timber, which is vnriegated, and well adapted to cabinet-work. It ia exported in eooaiderablB 
qDonlitiea to England under the name of American birch. 
Seta/a excclia, tall, also called jellow-birch, has wood much like the last, and B. ni^rt, or Uick, 
j8 also much eal ccmed. B. ■papyracea, paper or canoe tarch. is employed by the Horth Aixr 
■can Indians in conatructinE their nortable canoes. B. Bhrnrruttra is a HimalaTin R«-iH «> 
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lor turnery ana ^*c>liu.i^ "" uucrior species oi .orBzii'i^cxxi ; nia pruMipaiij' used for djeiK,tb) 
It is coDsider&c^ toK^xL 

native of tha "W^^Pt 5?tanicallj^ allied to the abcrre^ and is called Oaaalpma hmUiemiti 

wood is greenish-lj^^^J^ Wes, West Indies, is the produce of a Urge iiee, with a wUte np; tb 
bles the Greenhe^^-^ ^ ^^'^ ^Dd hard. It is used in the ixfvoktry for buildtDg parpoaea, aaJreson- 
The name of fiullet-iir««^ • 

Owirea tricJkiii^^J? perhape taken from the ^ais dis haUe or BuJJet-vood of theFwwh. 
diange fron^ ^uU^wnlf^k^'^?'^** '5 caXkeS. musk or aI%ator wood BulietisperiHiwi 
-4cW ^«po^« 'SJ KJL^ "* ^^""^ *^^ bulljr-tree^ called also JVaaebeny I^UJ^reTcf 
Guiana w iSao an aC^ V/J!^/^^ JJ*,,*""? ''^ the beet timber-treea Tfie buHj-tee oC 
^ooD, another 8i>en;I- »J . « *"? bastard bulljr-trees of Jamaica are SDecies afJiw^iL 



«-««• „ »«.9o an Ac 
Bdllet-wood, another specif 

an even tint withoiu vein-' . ;* • 
to eccentric turaiijfi. Zf^^ , »t » a veiy 
ITie latter airreS ^"1? **?' <»nunoii. 



Tb^laiZ^l^^ «>"* » not co^^^ —'"^^ «-« g,^ wooq, weu adapted to ge««l ad 

ofGmana. ^'^'^^^'^^t^ ^ wood described hyI>r.BaiK«,ft as Bow-wood. or ^o^^ 

Difierent Bpeciniens ma l- j w ^^ 

near to the aWe, if not Sf,SLfr^!jf'7y ^"oUeU^wood, and one of an jroa-wood. vera einedbrir 
appn^hed more 'dist.i*a1 *^ ''^^ it, and the B«U Boof nnd &ej^^^^6^^ 
xw-wooD Teeb. See PlJ^^.... ^^ 



tftJlTOM-WOOD TeEB. Sea 7>/« ^ 

Cabbao«.wood. I^pIL^*^-- 
Calembm. a wood i..m:i.r!r„ . 



C^LEMMa. A wood siniilaJrr-s.^ , 

(*^i!?i °"?»'aJ»«V «>inetimM^lI-!i ?f*^ entiUed to the name .S^areen Si^«^ 
C^irr^cHVwtn See A '* «- P™«»uoed in Siam «,d Silhet b, A,«Un. 

^dSCren"3£l'"'~^°^d^l^-r^rw^^~^>^'«- and plank, of U.8e«. 
ThTSS^h^r-^'^f 1^ '"r^t- * *" P™"?""^' -""d in-England ««-1I^ wS 

r, and much n^A ^X^ of Laurels yield the AiiLi^ CamoAora, now C<un»ilora ^«iw«» 

Caicwooi,. aS AttSirdyew^l"^.1^jl *«•*«■ ^'"'''^' ""^ o/boi^^, which ^ light. fr.g»at. 

„ close iatte gSirand "fJTl " ""« '•^^t^dhi^^S?!'^"?'.*'"' ^* chang^ ?oXk ,«1, 
CA»Aav-woo» f«>S^;Bri^ 1w'l°™i«'«"tel -nd^Sric JSfi '**' dj^ewoode; itfa very fine -od 
in round log, from 9 to liT"^' ^<"^ «t the fcE^^^" 

orange «>I^and7enJdll«^ ^^ ««^ «>metiinS^S^ Danen as ^ mariUo. It is imported 
work! tmrqa'etry, S t3.t "*' =• "> "t^ight aS do^ ^T^ «'**^- '^e ^*^«d " of -^ 
corrupted 2om^X^«?l,'' "°"'^. '^ not th^elmTt,"^ i-t§"'S' •*"** '^^'^ P~per for cbi^- 

^ru. .^^ or ^i^C^f. . "^ ^"^"^ ''""fa. beaide. that impo.Sl*«o 



WOODS, VARIETIES OV. 



bUnce, althoneh it is much smaller, hai a roii£;h b»rt, \he Bap •■ nwre retl aitithaii Mb 
and more haadBomely colored when first opened than lipmoj-vltw ; it u mtetmeditte betwtait 
and cocoa-wood Another but inferior -wood exactlj sgreea with toe ordiDUjama-ma^hl 
that the heart is in wavy rings, alternately hard and soft. 

Cocoa-wood hu do cocinection with the coooanat, which is the ihiit at a palm-tree eocmiati 
the East and West Indies, the Cocoa nud/era ; neither can it hare anj raiatioo to the other ait 
ecDoug treea which produce the coquilU-nut, the Attatia/uni/era accordii^ to l&rtii^ mi Om 
lamdea of Gartner, or of the Cacao Thwhroma, or the cbocobte-nut tree. 

It is really siogulftr that the exact localities and the botanical name of the coaa-irood lbiij» 
mach u^ should be uncertain : it appeo™ to come from a countir producing »up«r,beiK(j&« 
imported aa .iunnajffr, or the stowage upon which the sugar hogsheads are packed: it is ifao kum 
"""Tk™" *""?■ *>"* 1>« ^merimnum Sbmua of JattMa seems dissimilar. 

iaa cocoB-wood of ooauaerce is not earn- to trace to any of the trees of (he Weet Indiej; Ik 

oocoa plum i» Chrytobatanut Teato, which forms onlv a shrub ; Coeeoioba miifera, a uunpine 

grape-teee, grows large and yieJds a beautiful wood for cahinet-wori, but which is ii|iniid 

(U a white color. Iq appearance and dewriDtioa it oomefl near lo the Oreecheart a Lam 

r,™ _™<^'J''™. which is also called Coitwood. 

CooOAiTOTTBii. See Palma. "«wo«i. 

to^*l?k'" ^'^ general characters of this fruit, the prodoce of the palm CocM bi^Mot 
rr>™. »n,l ;,r^ ^^?'* Particular description : in India its thick fibroiw hiasi is nrtdeinlothtoiir- 
^S^'.-r. ». ,^ "'*° "'P^' "attinff. brushes, Ac The subrtaDce of the shell is reiy Iriufe 
Those ahpll^'T..'^ sornewtat fibrous, but it admile of beiBff turned in an agreeable muBK 
cov^ tiZ Z^^^ T *°'l~''^7 '^"'»' »re used for the bod^ of cup» and Tascs, the fert ud 
are cLid^redbeft^ .r°°*!K°'' ""V^ Common buttons are ahK. made of the co«»oul^hdl. snd 

Cocra. 8eo Cbeoa-uoooE 
""^^Mi^^tZ^J'^^LJ^S r*^ is of a %hl greenish-toown or dusky yellow. »i"tll i hrt 
tree dZn^^^i.^^"^ 5"' "^'^^'=' "°ddarl^; it has no smell, aud bit litUe t-tt TV 
fee^and is wt therefi^e ,L^i*„ ^^^'^^'^'^d " " cut down in the plantations to fi« or in 

it {oT^Tti^^tr^^i^^^^"*^,^^ '" ''"^ i«^'^. is veiy different from the cwnmon «*<; 
by cabi»et-m^e,^ ^"^ Oimnocladus cnmL^ . ,(,; ,^i, eompwrt, of a r«y h»ft ""t >wJ 

to I fee ^"o^^iJ^'^V^ ^?Th.C?° '"t '*''*■ ^^ fi™t «" " " ?*""""■ '"',*~? '^ 
«>™l-wood. It is difficult to' aiJtni^'.f"'* '^■''~ « fine polish : he ah» speaks of a d*-^ 
'"Cr.^^^t.S™-^^^^.:""' '''-'--*-^ they -r^ perhaps. fi«n^^ 

colo«d, 8cd w-medm^^Soim^^" ""^ <^ Ad^h^a Ja^ina, which is hard. «dA* 

CoQ(ftLW-«tn, a™ produced^ Se B™ 'i^ T'^ "^ -aodera-wood. ^ , ^_ 

/?/.«&» of G»rU.er; the latter title (t^^- ^i '^."'"■■'' A"'/'™- -^o-Ji"? *" Martins, or fte. G>«' 

tioD, half sue, in Piy. 89fio Xe X»? * '/ '''^"Pti™. The coquilla-out is represeiiled m^ 

represented, each 5>ntaini,jra wf fl °f "''j; """^d. with the excepSoa of the two sep«ala arTt^ 

,i ... -__ ., . - "^,"^V^a"/teoe<t grea« kernel, genially of a disagreeable (^^^^ 

a grub or chrysahs aimiW to (hat figured, which consume* the frnrt. 



^P „!^r 
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6ft WStoem. wide. -«d2to4io. thick; these 1.0 rent out of tbe tn^-«^ 

^^^.WeSiTiSf is tBe blackest and finest in the g«^ « -"^X'TS^'lt 

beautifid of the three, but also the most <»»^J: *°^ °°«^"°^V ^1%^^^ 

wasteful, but of an inferior grrain and color to the abore ; "Sli iT'ui^ i. the iDorf 

wasteful, as aU the refuse is left behind, and aU that is imported ib useaW^ vai 

porous, and the worst in point of color. -^^ ^j^ handla of. dooB» 

They are all used for cabinet, mosaic, and tnmery works ; also *^°°^ "^r^^^y^ 
knives, and surgeons' instruments, and many other purposea Piano-forte iceys arc jfi«« / 
of the East Indian variety. 

The African stands the best, and is the only sort used for sextanta i-^ tj«t it ailkf 

Colonel Lloyd says, the Mauritius ebony when first cut is beautifully *^^.r^e^ 
like aU other woods from neglectful exposure to the sun. The workmen t^ "^^^,^^01^ 
in water as soon as it is feUcd for 6 to 18 months ; it is taken out, and tlie ^Y\laL^aLneii 
from splitting by iron rings and wedgea He coosidera the Mauntius ebony to oe me o"^ 
the Madagascar, and afterwards the Ceylon. , _., #|,-_ jn AastBd 

TTie black ebony is also met with in South America, but much less generauy insn m -a— 

Afr ica — KT* 

The ebony of Mauritius is yielded by I>iospyro8 Ebenu^ that of Ceyloto is D. ^^^^'^f*^^;^ 
the ebony-tree of the Coromandel coast is D, melanoxyltm ; other fPf^. A^friiTSoof 
and D. Roylei, yield ebony on the continent o{ India. The tree yitfldmg the ^^™^, fT; 
is not ascertained. A kind of ebony is produced by Afnerim»um Bhenut, m me w«*iu- 
dies, and called Jamaica ebony. ^^ ^^, ^b 

Mountain Ebony. The di£ferent species of Bauhinus are so callod : B. jtcfTMXa grow 

the hilb in Jamaica, and has wood wmch is hard and reined with black. 

See Green Ebony and OoromandeL . ^ u-j. ;- ««J 

ELDKii,(8ambf4et» mora). The branches of the elder contain a very li^t kind of pith, whi* » ^ 

TJZI w^1 •'''♦ ^^*?*"^ purpoees. The surrounding wood is pecSiarly strong *°d ^f^ ^ 

trunk-wood is tough and close-grained ; it is frequently used7or comnaoo <f^^^^^^^ 

mfenor turner-work, for weavers* shuttles^ (miiy of which are also made of boxwood,) » 

fishermen s netting pm8,BhoeniakerB' pegs, S: ^ • j- ,n^ 

Elm, (p?m«*,) a timber-tree, of which theVTSre fiye species • mean size, 44 ft lopg, 82 in. dmi^ 
The heartwood is red brown, darker than oak. Sie^TTeUowish orbrowniah white wiUi f^ 
inchmn^ to red ; the wood is porous, crosa-g^^^l^M^a^ twists much in diTiog. ^. 
IS not liable to split and beara the d^iyinglfTas S^bSts better than any other tunber, tfd it 
IB exceedingly durable when conatantiy wet • ^ll fhJ^f^^ muS used for the keels of r^ 

inferior in qua iS-ZT A^ * T°? ?""•?«»• «» the European «P«»«* *^^^w 

found in tl^ m^Javai^ ""^ '^'^'' «"« <^er American spedea, «id aeTertl ipx^ «• 

Rmi juro FiMu. See fines. 
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"■^ ^^ "^ T '^ «noseau«M5e of their h«^"?*,*i 

nl^ « a term appu^d to a ^eat varietv of wo^ ^^."^tt 

*^^ *^®'y ^''''^ry ^>a« « irSn-wood of ita ^^^^e of the peniMuIii o/ India ana 

""t:^^-, T" ^. ^^-d true iron-wood,, fhe C^n^ JJ-f ,XbIe, that it is onlj .all^^j;^ 
^^ "^ of It, and among the Japanese it is so ^^^r^.r^n-wood of Southern Cbim is m^^ 
^enmijufactured for the%eryice^their king. The *^ .^^^^^^ and of the OiDe 0^ ^>/ 

^aSw- ^^^'^^^^y'*^ me/anopA/eMin, which latter i» ^ ^ 

^H ^ f^y^f^roxylunt areolatum, which is «Uf> ^^fT tSe wc^ ofl^ft "^'^Wi^^ 
and Coeoloba latifolia, are other Weet Indian trees, to tlie woocm wiuch the n^^ ^^ 

wood has been apDlieH — j j- , 

^*'rya wrt^ntca, c^ed Americim hop hornbeam, has wood exceedingly h»rd tj^ . _ 

jAKWn. ^^*t"«^ ^"^ ^^-^^^ly c^ed Xw^d in this countrr, ?°^ " ^^ P^^* ieve^:^^ 
Jakwood « the wood of ArtoZrl^Legri/oli^ or the entire-feaf bread-frmt tree, a nati^^ 

^ unported in logs from 8 t^^feet diiiieter, and also in planks the^n«caarje«d^^^ 
and often contains sand. The wood is yeUow when first cut, but changes to a dalj redor iMh 
hogany color. It is very much used in lodia for almost every purpose of houBe<;a^f^ ^ 
furniture. The jakwood is very abundant, and its fruit is <»mnj?nlj , eaten ^ tC aW^^ 
aod also sometimes by Europeaiw at dessert, with salt and water, hke ohvea. The jukwood k 
sometimes misnamed orange-wood from its color, and also jackwood, Jaaek-wood, sod £utAuL 
See Baker's PapetB. 
Jagkaranpa, the Portuguese and continental name for Rosewood, which see. - 
JuNiPM-^CK>D. The wood of all the species is more or less aromatic, and very dmible; ther are 
found in the cold and tenaperate parts of the world. Some have already been mentioDed onder 
the head of Cedar. The common juniper, Juniperu* communis, has wood which is arooatic, 
finely vemed, and of a prellowish-brown color ; J, exceUa^ lofty or Himahiyan cedar, is foood oo 
those mountains, as well as in Siberia and North America. 
KiABOocA-wooD, or Amboyna-zoood^ imported from Sincapore, appears to be the excresoenee or barr 
of some large tree ; it is sawn off in slabs from 2 to 4 ft. long, 4 to 24 in. wide, and 2 to 8 in. 
thick ; it resemhies the burr of the yew-tree, is tolerably hard, and full of small curls and kzwte; 
the color is from orange to chestnut-brown, and sometimes red-brown. It is a Terr ornamental 
wood, that is also mudi esteemed in China and India, where it is made into small boxes and 
writing-desks, and other ornamental works, the same as hy ourselvea 

The Kiabooca is said by Prof Rein ward t, of lieyden, to be the burr of the Pierotpemttm ta- 
dicutn ; by others that of Pteroearpus draco^ from the Moluccas, the 'lailand of Borneo, Amboyna, 
Ac The native name appears, from Mr. Wilson Saunders' specimen, to be Seriouirut: the wood 
itself is of the same color as the burr, or rather lig-hter, and id grain resembles plain mahcganr. 
" The root of the cocoanut-tree is so similar, when dry and seasoned, to the ' birdVeye' part 
of the wood here termed kiabooca, that I can perceive no difference; the cocoa has a tfirtooos 
and silky fracture, almost like indurated asbestos.**' — Ool. G. A. LLoyd 

Tlie comparison of the palmwood with the kiabooca renders the question uncertain, as amongst 
the multitudes of ordinary curly woody fibres, tliat one cannot account for in a pahn, there are 
a few places with soft friable matter much resembling its cement. 
■KiiroTrooD, called also Violet-wood, is imported from the ^tsxWja, in trimmed logs from 2 to 7 in. 
diameter, generally pipy, or hollow in the heart It \b beautifully streaked in violet tints of dit 
ferent intensities, nner in the grain than rosewood, and is principally used in turning and small cab- 
inet-work ; being generally too unsound for upholstery. It is perhaps one of the most beaatifnl 
j^ of the hard woods in appearance. — 
^OxTB^Y^ See Pines. 

^-^^xj-a^vrtA {Cytisua Labtirnum) possesses poisonous seeds, and a smaU dark greenish-brown wood, 
^riAt is sometimes used in ornamental cabinet-work and marquetry. Mr. Aikinsap: **la the 



urnum there is this peculiarity, which I have not observed in any other wood, namely, that 
«a« medullary plates, whicli are large and very distinct, are white, whereas the fibres are a dark 
^niZ^\^ circumstance that gives quite an extraordinary appearance to this wood" 
MThe Alpine laburnum, with blackish wood, is CytisM alpiuiis. 
^^s'^v'ooD lA imported in Ions iwles from 8 to 6 in. dinmet(>r from rjnha nnd -Tamai«i • it lu» & tliin 
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shrinks bat little in drying, and twists and warps less ilum anj oto v^j ^ 
liri *^^ *^o«nt it is used for founders' patterns, and other works in which pemumeace '^^^l^!^ 
^ V^^fy importance. For the same reason, and from its oomparatiye sixe, abondaoee, §0***^^ 
?na beauty, it is the most useful of the furniture woods, and it holds the glue the ^^^ 
™^^any is also used for a variety of turned works, apart from uphokteir and c**"^;^ •^ 
T>r»f ^*nwh mahogany is, in general, by far the best, although some of the HandurM v^ ^^^ 
^jacnes It, except in hardness and weight. The African is by no means so useful or ^W?^ ^ 
Th' ^^ *^*^^®» especially as it alters very much in drying. 
nere Me two other species of 8wietenitiy besides the mahogany-tree, whidj are mtiv^^ ^ 
heftif* ■ !c® *^®» * ^'■fi^ *^®® ®^ which the wood is of a dull red color, and remark^^ ^^^m 
abl« \ A ^*®'' '^ ^^y * middle-aized tree, the wood of which is dose-grained, h^^^ ^*^M 
mo^*„ *.™P yellow color, and much resembles boxwood: but neither of these spociJl-^' ^ndiv- 
Th^'^ *^ this oountiy.— 7V«4roW: '^'^ ^ ^ 

<! J . *"®'® **^®* '^*» formerly referred to Swietenia, but is now <Sb^t(£i fH^^ 
second IS probably Chlaroxt/lon Swietenia, which is the satin-wood of India ai^7?^*}P»/i!fc 
^mrdl species, much admired for its light color, diose grain, and being eleganUy ^Jj^T* ^ 
LUrS^?^ ^^ natives, and (ThikroMHa tabularis of botanists : the wood is ino(A^ * ^ 
J?nl^ if ™£»\*«*"e »n<i cabinet-work. The wood of the Toon-tree, Oedrda 2h^^f^^ 
v*KCBT«i ^ ?^^ ^°^'*° Mahogany. **^ i» «m^ 

K™t^^oLi!T ^ **^.*^^ ^^* ^^'^^ *°d South America ; the wood possenes so^p ^ . 
S^S5^*?S" of mahogany, and is simUarly used, but it is mudi less (£n^ Th^jL^ 
•^hrinH^»r^- y«*i?^:^«'^°. beautifuUy clouded, and very dose, hard, and diinJJJ^* 
iT^fore fe^,?^'~° their arrows with its-juice, and that theVood^ttm makeT&TjL' 
^^M iSfn ^-^ "^Tf *5^ Po««nous sap to run out, to avoid injuring their eyea ^"^ 
dea5? SL^ it^^*^'^>1r^"'^ ™ Ba^icroffs Guiana, p. 86-7: "lie juice'of this tnek, 
poisonedby eitL if^rL ♦ *P^*? appearing so tempting, that many new^xmieiB hare bm 
the most d^Sf^ The tree is poisonoua whUe green; sleeping nnde'r it has been said to il^ 

^^^dlt^^^!" ^ ^"^ Manchineel-tree of the West Indies. Cameraria latifotU isaW 

^J^^^li^^VP^)^^ ^"""^ ?^ .*^® tropica, bearing this name, and those of Mango, Xasg^ 

"HiX, otheri of^^«T?,7 ^^'^ ? J^** = «>«»« ^"^ the appeanmce of TeorSSlS 
have the red maho^ S^^^T""^ ''*™*' ^"^ ^^"^^ are^iik-colored, ai^^ many of tboa 

than mahoJLiy Tt^h^!^^ *? *»^»net-makerB has less of the brown and more of tberedtmk 

This MangSve i; stn^T^^^^H^ ^ exposure, but not m general as much so as mihopoy. 

and it is therefore pref(STelft^l -i- • ^T?* ?*^ elastic, and stands better than Spanish mahagm. 

The Mangrove-trSe f J»A • ?. ""S^i* edgres and squares. 

for sugar hogsheadL o^^- ^'V^*. of which the wood is employed in makiag sUits 

mangrove is also annlipi . Tk ^^ ® same situations with it are two trees to which the lame 

«id Aviemnia tanSkt^ oliti'??*'*^'^'** racemoBa is called the white MangioTehySloBie. 

. the same situations and ^ ^ llt«?rt?^**^®- Ooceoloba uvi/era, sea-^ide grape, ako grow in 

Maple » oonsidered to be iSiS to ^« ^^ *'^' **^ ^*^i<* *»»« ^ood^is of a reddish coW. 

^^*do-j^nuB,) or the nlane-tr^ ^^^^"^ which is sometimes called the great maple, (Am 
paU^yeftow-bro^ P'ane-tree. The English, or common maple, is of till kind; 5i«lcf ii 

TJie Utte?'r^,Sici^u7 distinguished as bird's-eye maple and mrttled mai^ 

toitoname: ^e g^^y^^ f^^^^^-^^ra^n^ ; the former is fu& of siall knots that giTe na 

Srd'^^' "Peces cut out in^cS^^ "* ***« «*w has divided the eyes tmsver-ely or kog^ 

bird B-eye and motUed fjimres atS^?2r^ f^««P«, Buch as chair-backs, sometimes eihihit bo«h tk 

The common maple (aT^^^^""^ l^^ Much sugi is ^ade ftom this variety of majfe 

mi^L"^^/*^.^"««° »^pK S^^«S ^^1 '^"^h used SThousewpentry and funritor^ . 

"d^^^*" ^ ^^^ ^'««Hcan in^l!f'*rt^. *** *^ *he wood of the tJroh-tree; it «markedint 

«SSr ^ilTl^i ^'^^^ «J^««. which^lJ^I-u*""* *« ««like it, inasmuch as there a« littie stnp*^ 

2e^;rv1i*'*VS** ^"* «-e ^uch « J^""- ^"^^^can ar^ quite distinct, and arise fromadjto«t 

^Sl^/^^ ? t^mml"!?^^5^^^ caLet-work, ^a their di.e«t«of g^n 
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^vjc^ ^^^^^^^ BhriolcB but little in drying^, and twists and warps leas than taij other vood; a 

rit**^^**^^^^^^*** it is used for founders' patterns, and other works in which pennaneoceoffonsuof 

^ A V>^^^.^^^portaDce. For the same reason, and Irom its comparative sice, abunduice, wmdoa^ 

^ 1^0^^;^ ^.> it is the most useful of the furniture woods, and it holds the glue ^ bestof liL 

^J^ ^T^^. ^ ^^ '^^ used for a varietir of turned woi^s, apart (rom upbolsteir and cabiDet-wcrL 

"^L^cV^^^V*^ mahogany is, in general, by far the best, altooagh some of the noixiaras oevlj a^ 

VT^er ^^^ ^^> except m hardness and -wei§^ht The African is by no means eo useful or TalmUeu 

®*^^^^^ ***e above, especially as it alters verjr much in drying. 

Aie^ « ♦^?^ *^° other species of Swietenia^ besides the mahogany-tree, which aremitiTes of flieEig( 

^^V^ I rr ® *^*» * ^"^fi^ *r®® of which the wood is of a dull red color, and remarbblv hard mi 

vAe oV 5 other is only a middleHsised tree, the wood of which is close-graiDed, beavj, ind dn 

wn* ^>iL.^- ^®®P y«llo^ color, and much resembles boxwood ; but neither of these spedes » id cub- 

«^*S^^^ ^ ^^ country.— TWa^oW: '^ 

^^™^* of these trees was formerly referred to Swietenia, but is now Sopnda ftfmfim; the 
SlC2* " probably Chloroxylon Svnetenia, which is the satin-wood of India aod Ceylon. A 
^Wi species, much admired for its light color, dose grain, and being elegaotlj reioed, k the 
i^ ?!r^i?***i*^ **'® natives, and CTiikrasM tabularU of botanists : the wood is mudieoplor^d 
« J?^* "W ?>I">J?'« •^^ cabinet-work. The wood of the Toon-tree, Cbrfrrfa 3b«M, is t^ 
^^^es called Indian Mah^any. 

^.^^^ u '^^ *"f ^K^^ ^®«* iTi^e^ and South America; the wood possesses some of the 
eercraicharacters of njahogany, and is similarly used, but it is much less commoa The wood « 
•^f kTt !? "*. y«llow-brown, beautifully clouded, and very close, haitJ, and doraUeL It b 
ft ^f jl® Indiana poison their arrows with its juice, and that the wood-cottere make a fire areuad 

TH^tir i!!?^ '^ ^'J*? **1® poisonous sap to run out, to avoid injuring their eyea 
deadi^ ^^^"•f'^t^ly described in Bancroft's Ouiana, p. 86-7: "lie juice of thig freeki 
poi<SS]*JPht I'*: ^f^Ji ^\^^ *PP^« appearing so tempting, that many new-comen hate be* 
Se mo^ dLdl ^fe^t. '^ poisonous wSle green ; sleeping under it has been said lo hire 

^^^i^erit^^^ ^ ^^ Manchineel-twe of the West Indiea Cameraria hUifolU is(aIW 

^a^Mi^^fw^^^j^!^'^ ***® Bhores of the tropics, bearing this name, and those of Mango, Magfe; 
anr^^^tier^^ ^/^ """^^^ ^"^ ^^' ^^ ^ the appearance of veiy faSfer«t .sh 

luive tS red maho|^ ch^cter^ ""^ ^ "^"^^ ^^^' *^® are dark-colored, and many (rf than 

«»an mah^^*.**'[ft^i^l.^^^ *? cabinet-makere has less of (he brown and more of the red on 
^is JMEanffTOve ii uH^^T^ darker on exposure, but not in geueral as much so as mahogur. 
and ifc is therefore n^fif«iiy?'"®^' ^«*» *»S «^t>c» «>d «^^^ better than Spanish mahoganj, 
3lmo Mam^v^^^ f"""" 1*'*^'^* «%e8 and squares. *^ 

*or sufilr hoMhftJu^*'^^^ MangU, of which the wood is employed in making sUts 

mangrove i^alflT^^Ur^'^^iJ'*^ ^^ *^® 8*™« situations with it are two trees to which the naine 

»nd^vMmntato^# ' ,.® Cbnocarj?i« raeemota is called the white Mangrove by SlcaM, 

^^ *li« same 8ituati<mB^«^t 7® Mangrove. Coecoloba uvifera, sea-side grape, also grows m 

^*AFLa is oonsidered to besliiS ♦ *J*«Ke tree, of which the wood is of a reddish color. 

^»^^4sio'^latanuB\ or ^^iS ^ J^^ aycamore, which is sometimes called the great maple, (i«T 
pale y eftow-brown. P^ane-toee. The English, or common maple, is of twi kind; its color b 

"^^^ -A.nierican is vai-v Wb *•* i 
The letter is princinall^„lfl'y""^. *^** distinguished as bird's-eye maple and mottled rsai^ 
to its name: Sie min^J2f? picture-frames ; the former is full of smaU knots that giverw 
tudiMMJly, as pieces ctJ^^T- **^«'d«ngl7 as the saw has divided the eyes transversely or l«fi 
bird'o-eye and mottl^ fi^^^ *° ?^^ sweeps, such as chairbacks, sometimes exlubil both the 
The common maple (j4^^ different parta Much sugar is made from this variety of n»plt 

I TliBo Bo^aUed Russiarrno**?*^**'^"*) '* ^^^7 ™a«*> ™ed for house-carpeotiy and fomiture. 

f mariner similar to the AmT^ " considered to be the wood of the biroh-tree; it is marked ma 

app«s»r to connect the t^^^ P*ple, but is unlike it, inasmuch as there are little slrip« thai 

cau»e. AU but the first ^.^ "^ *^® American are quite distinct, and arise from a difl««u 

are -very beautifully shown;,. ^^™ ^aed in handsome caWnet-work, and their diversitiee of gun 

J^cer eampestre Is the corr^ "^®^ ^®''^* t 

-whUe ^pseuda^iaian^^^^''^^^ *°^ A. platanaidct the platanus-hke or Norway majde, 

18 the sugar-maple anH -^ ^® ^*'®** maple, sycamore, or mock plane-tree. A. taeekartnum 

9tHahtm, and eriot^at^a^ ^^M is often called bird's-eye maple. A. rubrum, "***"^'5 

more or less valued ^* ^^'^ ^^^^^ American species of which the timber is employed ana 



J«-5»«^ ^^;?; ^ .-Teak, OB it i« BlBO called « °°^ ^f^^f^t^^. (<^ ^Vf^.) H km<d 

ported from I-B»'°™- ^ t^^i]:'^^,'^^^^-^ M^*-^*! 

«.« I^t^^-^^^^y f— South America c-lled 0L>--O»tH^r - 
*-«.l«r ^itl^ 'i't tt«* f^ISTor wood of the olivo-trea. ^u* « of • F*^j*^ " , 
W* -r^^^^fd^ks of t darker brown tint ; it ia a handaome wood for "^'M^^^^ 
V^J^^J^Wron Jia-^w i- caUed doi* rfWit.*. but there f .•«»I^,.*^ 'i£,'!r'^'^^ 

.^-_> See CoTomandd. , 

^U^^V^^ Xbe orange, lemon, and liiDo trees, {Ciima.y are ereirrww that aeidtxa afe. 
''"tj^'^tT'lV^^tin beig*>*- ^''^ wood ia only met ^vith aa aa object of cnriosilj : 0, k of * jdior ' 




y ^ devoid of BioelL Seo Aprieot-tme, 
V*rT»v,« orange i* Citru* ^uranlium, the 



lemon C. lAnionutn, tile lima C lAmdIa, tod tit C^ 



Several varietiea of the four or five hundred trhich are Mtid to eiut «« impcrttd. 




'V^ Eaat and West ladies : they ate knovrn by the names palm, palmetto, pklnijn, md iiBi™»fa*? J , 
*^j,_„^^^ and porcupine wood, ic, from their fancied reeemWanoeti, aa when lie/ we oil ic;^;^\*' ,«L„ 
^^^ they eiHUt dots like the spice, and when obliquely, the markiagB ttamiiate to lU fuufrt^Ss^,^ 
tli«s porcupine. ^«ni^ 

M^e trunks of the palms are not cousiderod by phyaiulog-icol botanists (o be true vun ; w; \. 
gr*iw from within, and are always soft and Booagy in the centre, but are gradu^y bwdei ^'''•iWv 
^e outfliile : thej do not possess the meduflaiy rays of the proper woods, but oolj tlie iwi^ij, 
fibres, whicb are held together by a much softer aubstatice, Jilie pith or cemeat, »0 thtt ththek^ ^ 
lODtal HoctioQ ifl siways dotted, by %vhich they may be readily distiwuiahed [nan ,11 *_ Tn 
The Areca Catecka, or betle-nut palm, is remarkably perpendicular; i[ gjT *" ''W fin* ^ 
a\>aut 80 feet, and rarely exceeds 4 or 6 inches diameter ; it bears a small luf. '^ tifi Uj^ 
irtat ifl in dusters like grapes. The betlc-nut is chewed by the Indians aJoni, ^' 1«.» ^iPlf' 
the leaf of d.e Piper Setfe, in the manner of tobacco. A^ general oZ% T'"" Q^".*^ -^^ 
yellow-brown; Ihe fibres are largo, hard, and only a few shades dwker U, ^^ Vnnj'V' 
porticms. Ifcn i"'!^ 

The OooM nuei/era, ot coooanut palm, flouriafaes the best in sandj Cbs^I*^ 

Bomelimes grows to 90 feet in height and 8 feel in diameter but 
quite Btraiglil or perpeodicular, and has broad pendent leaves from 1 
of which is a sort of cabbage, which, as well aa the fruit, the coooar 
nut supplies the material for coir-rope and matting. No part of this j 
Kratefuf Bomoe to the Indian : the leaves are osed for matine- basket 
kis dweUmg; he also obtaiua from thia tree oil, siifar, paUn-winA and 
«pper part of the trunk m soft and striiwy, the lower fluppJies a use/. 
«i.re of a eheslnul brown, and several shaaea darker than So intermodij 



employed for j«.ta, troths for water, and many purposes of g«„erai 
ciety has 8i)«Imens_ marled male, Ist, 2d, 3d, 4th sortTwd tba same 
no material distinction is observable between them. 

ouu H""'" Buiugiii, Huu uie cement is of a dark brown, but in other vjinoii. 



so^ 
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rrbe lignum rhodium of tKe ancienta, from which the oil of the same mmmdhimAecJa 
of roaes was P™I»i^ed haa not yet been ascertained ; it has been sappoeed to be tiie GenigtA 
canan^, ana *>yother8. ConvolvtUT^ scopaHus. 



it is a variety, i» m pUned into cfiips, 

8ASDAI.-WOOD »*^* P^^^of -San/o/um a^&t»/^ a tree having somewhat the appeanwe of . krge 

"y'*^"W^ Ji^*\! extensiTel^ employed aa a perfume in the funeral t^^am of (fe Bfc 

<^^ T'^f ??Iub ^•^"'•■^Md' » of a yeUow brown, and the ne«er the woTfc Mt^ 

the .Porf'^f-. „^'«. produces the finest sandal-wood ; it is aleo found in cjyte ^ti^ 

^^•!tn ^^«,ft " sported in trimmed logs from s'to 8 «id rarely MiaXT- tt^ 

7°°** "X^!S^?r.S^' thanbowood. and easier to cut. It i« used forpirt. of ahSTi,? 

^\°^^f,T^ ITJ ^Tho Wk of the sandal-wood givee a moet'Luttfd X^ 

•^k' «^1„Ih S * '^.f""!?' almoet immediately when use^ aa a smjiekS^-r^^ 

of toe experienced dyer it might, it is supposed, l4 very uaefuL «, m tuelandi 

Sf SiX^^SS fc",^lK'° *« Fj-encCVorks as reii sandal-wooda See Qdmh^. 

t^^t^^^Zr'"-^'^ ^ thS^-^dwich Isle^caUedlyrSlZaSt;; 

Sapak-wood or Buclram-wood, (Owa/^nnia Sapan,) is obtained from a (Dedea of tJu. 

that yields the Brazil-wood. It la a midSle-^ed tree. fadiffeMus tosSL P,^ S** ^Ti 
Coromandel, the Eastern Mands, <tc It is imnorted in ^^?liv. nTi ^"K?- «» <»k* of 
the purposes of dyeing, it U greatly inferior - itS^erin/i^ 1?^""*^ «• »iAi, 6r 

SATiK-wopn. The best y^ety is the ^eat SdU^ i^^iStj**^ *~ ?^ to be osefol fcr to^ 

plajj™, from 9 to 20 in. Vide ; the next to^i^K^^ tl,^^ .^i' ?°°T^ ".•?"*» ""S^-S 

and Bombay in round logs froii 9 to 80 m e^^tlr ^ ^A ^J^ ^P?ed>n Si^ 

dence, in sticks, from 3* to 10 in. square ; thTw^ L^i^ most mfOTior u> ft«n ^„Timi- 

wh*t hke it in color, or rather Sore oraS^J^^™«^ ^' °°' ~ ""^ « »»*''««1. 1»t «s<- 

curled. It was much in yogue a few ye^rS^k ^L?^^ ,"" ""^ »x«»WWly mottW lod 

Prm<jpally used for brushe? and somewl^t for t™?^*®"Sf <1|«'"«'» »^ fnniiture ; it i, »>w 

which are then expensive; the NaaaaS^woSd k^^^iJI^?? ' *^1 ?"*** "°^ «« ^ intoTenwr^ 

«»n« figure, was iSnnerly import^n We o„?t*f»'°"^ ™"'* ^" '^»^«* Satin-wood, of bS 

W^ agreeable scent, iid r80inettoS?^^*4'if," *^^ ^^^ "^^"^ Dominica Tie wood 

'<^»u rouge." '"'""®* <»"ea yellow Saunders. Bergeron meDtkm.'ioii 

if-^J^'":^"*^ °f Guiana is stated bv ^iiT„lo,« * x. . , , 

*iWa w<vJ*^.^^* Indian timber-tree. th*» Q7- 

i« close^j? "\''®''^ general use in India for ll'*^'''' ro&i«fa, (see 877, Dr. Waffich'B Catalogne:) 

*ealc, and^S?"®"^ *"^ ^«*^:>^' «^ a %ht brown o^*^®' rafters, and various buading purposes; S«d 

^ox^i^yZJ^ one of the best timbe? trees ^^^■'*""' 'i?* «^ ^"^^e, but strongerinS tourer than 

^^e SisIS^ ^PP^'^<^> better than any other xi^-'^*- ^?P^^ Baker considera Saul to resist stmns^ 

o ^<»Jhef^rP^^^J^'^ to be the next in o«+iL^^ timber; he says the MorungSanl is the bat 

Savsomii^ sJ^*' „ esteem, and then the teak, in respert to Btrei^ See 

^'fce Bnfl-ii«K ** ** » ^™id of thorn an*l >v^ 

^rgeron y^^?'® ^'^ e veiy cha^-acter \^^^ ^^% ser^icebeny, which is eaten ; it ia Tcry nradi 

firlu« ci;^_ T®" adapted to fl,« «^^^*J^" .~ ^ verv hard h««v,r 



,3 -, — , xui/<^« gray in color sT^ * loreign service-tree, (Cormier de$ I$Ut,) 

W^«>-^ea Sitsoo^ ' * "^^'® veined: these appear to be totally different 

««Iect it*for''?hSi^^™PK^®^ t^^a^^a^^^iT^'^.*^^® timber-trees ot India, and; with the Sani is 
brown, wif K 5!?^_^^^«^ timbers *...7i25^«' ^ Northwest India. The shiD-buiiders in fi^ 



K 



or 
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kind of walnut ia veiy much tised in France for furniture, frames of m a ffhfne^ At ; it is lea 
brawn than the fine sort. _ , . ^ m m t* • 

The Black Vii^ioian Walnut (Jualans nigra) is found from PennsylTania to fionda. H a 
a large tree, haa a fine grain, ia beautifoUjr veined, and ia the moat valuable of the Ameneia 
kinds for furniture. 

Tb« WWte Walnut ia the Hickory, which see. ^ ^ ,. v. ^ * 

Willow. There are many varietiea of the willow, (SalixJ) It ia perhapa the softest and lightefiof 
our wooda. Its color ia tolerably white, inclining to yellowiah-gray ; it is phmed into chipi for 
hat-boxes, baskets, and wove bomieta ; it has been attempted to be used in the mnrnt t u rtun of 
paper. The small branches of .willow are used for hoops for tubs, the large wood for aickei- 
bata. From the facility with which it ia turned, it is in demand for boxes for druggists sndper- 
fumera, which are otherwise made of email birchwood. 

The wood of the willow is described by Mr. Loudon aa soffc^ smooth, and l^t ; the vood o! 
the larger species, as Salix al<iba and Hwseliiana, ia aawn into hoards for flooring. The red- 
wood willow, 8.fragUUf ia aaid to produce timber auperior to anv other species: it is used 
for building light and swift-aailing vessels ; 8, Ru99elltana^ being cloeely alhed to 8, fr^giUt, 
ia probably allied to it in properties The wood of 8. eaprea is heavier than that of aoj 
other species. Hats are manu&ctured in France fvom strips of the wood 8. alba. 
Tacoa-wood, or Yacher, from Jamaica, is aent in short crooked pieces like roots^ from 4 to IS ia tlucL 
The wood is pale grown, with streaks of hazel brown ; it ia principally used for onumeotti 
cabinet and marquetry work, and turning ; some pieces are very hanosome. 
Yellow-wood. There is a fine East India wood thua called ; it appears to be larger and stnigbter 
than boxwood, but not so close-grained. 
This is probably a Nanclea. The wood of Kaudea ewrdifolia, according to Dr. Rozboi)^ if 
exceedingly beautiful in color, like boxwood, but much lighter, and at the same time raj 
cloee-gramed. It is used by the inhabitants of Northern India to make combs o£ 
Yew. The vow-tree is common in Spain, Italy, and England. The tree ia not laige, and the woods 
of a pale veUow-red color, handsomely striped, and often dotted like Amboyna It has bwa 
long famed for the construction of bows, and ia still so employed, although the midivided Bwijrft 
held in the days of Robin Hood has ceased. The EngUsh apeciea (Taxui hwxola) is esteemed i 
hard, touffh, and durable wood : it is a common saymg amon«t the inhabitants of tlie Xev 
Forest m Hampshire, that a post of yew will outlive a post of Son ; it would appear the Tew- 
tree hves to a great age, as some of those in Korbury Fark are aaid to have been recorded ia 
Domesday^ Book. The yew-tree is used for making chairs, handles, archery-bows and ittSsas^ 
Bticta. Some of the older wood is of a darker color, more resembling pale wahmt-tree, sod ray 
beautifuUymarked ; the finer pieces are reaerved for cabinet-work, and it is a dean wood fcr - ,. 

tummg. The Insh yew is preferred for bowa I k.. 

The burrs of the yew-trees are exceedingly beautiful, and although krger in figure, tkoy «■«• I fiffa 

tunes almost equal the Kiabooca. -o e -e » / I Fur 

The American yew, Taxus canadermB, is auppoeed to be only a variety of T, haeoata; tie I iw j. 

7a v^- r. ™*'*^ fP^«« ^e clo8«l7 »"»«d to tbia and to T. nucifercu I t,i^^ 

fi.7 Jr°^ FustM^ from the Mediterranean, is a apeciea of suiLach, (Rhtu Oatinm) lOBmO, I li.. /;, 

and of a go den yellow, with two-thuds sap ; it is only used for dyeing, and is quite distinct tm I p^:, o 

tbe Morw ttnctorta, or old fustic. ^ j j -^» i § tf^non 

^^^^^^^^i *^n*f^^?'• ^"^^ says ' " A distinction was improperly created at leui IW / 0^^ 

V^ nT^ ilTi ^®i?^^ ^"^^ }^^ ^I *^'^ ^'^^^^ sumach Young F^tlS/i^ being numifesaj the J tn] km 

iTSe IrL nr >,f if^^^^l^^ l^} otMorus Hnctorio, (which is^always importe! in the fiin rf J .^,.° 

Th« ^n?I ^"i^^ OldFnsUc^^^Bancroft's J-hil. of Color,, v. L p. 418. ^ f ^^,i 

Z«ia^-w^D^ thi ^'h'^^^"^. Ohloroxylon; its modern dreek naine is^Imppore. I ^l 

^^XfourYncSI^/^^^ and Rio Janeiro ; it is sent in l^^d pUnfa^..to» J m^a 

la^lSrYt «?ri,Sr ^* • ^\'''i?'' " orange-brown, and dark-brown variously mked, generif in I i j^' 

^^New sffi W f T^*^^' *^ cabinet-work and tumeiy, aa it is veiy^hand^iirA ^ I m^ 

S^e^ltreaW.I^^^*!?!"'"^'?""^ resemblance to the above is sometimes caUed bj tJid «« j 3. ]{ 

^h; «bra ^T^ °*^^'* "^^ "* T** *^*^ **^^ ''^''P^^ «■« of a distinct and deeded ihiwcter. I ^ ^ 

^ -^aezeDra-wood is considered bv UDholat^rera fo K« i«f^,^«^;«*« ; .«.«.!. «««««* l». I ^l"'"^ 



m 
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..-ol.r. *^*I'!?V* nwtterB, required to be iorua j ■ 

^**^^der*'° ^ "« equally dunible with tbo«^ "*° 'O weal alcoholic aolufjotu^ or aaeatul iiBa, ttmw wm 
<^**L,a -wererounj („ increase amaiintrly t»,_"^PP'iW bv the hand of nature - md nmx tiwHtrir inn 
^Z^ to water. ^^o wAunmatiiitj' of the woods, and lottakt tkni k» 

■"*^^„ the whole, the metbod ie considereii »„ ^^ 

>^ _ mlOBtlti.H .. 1 .; ^t _~v-» " D 



^li« **>'"*''-ution Mid propartiea o/ woo<J^ pfomiee tJie means of workiiu. 

of tl»« *'*' ''*• ceaaed. It la true we h«v« ^*''«° t^e fluids are pTtmeatedto tbem b^lc^ tk riuim 

j^ve t>«6" ■C'enlifically deduced, and thei«- iq,^*' °"'7 '"° years' tzial of these eiperinKHR tat 4(r 

bop^^ w<^ ftlso expected, that these '"^''^Hti^"'^ '^ *'"'' engaged in prooeeatiag tbea. hiiloi 

yen eiteoded, -when tried by that most se-Vo,^ *° flattering promiees of succea* wiU be rttSiai ^ 

For the prec- '■ ■" '- - "'-— '- -"- '«ofBiii~,<. .; • 



a work we oono^J^iowledge our indebtedness toHoIbsp&Pj TdiiufuJ 

apparalm for carbmittDg imJ 
■^ireof (beprudoarfllt 
for meUoce, a twrpal 



WOOD STEAid CAEBONIZING MA^^^yfersAt merit. 
joewis of heated Bteam. By M. Violb?».j.^^ "l*'_ I>oscripti< 



, "^=»Tk. 

wood, in a close yessel, ^^ri^ 



well known that the 



a black charcoal, deprived of f? '«<«I'ns to the tempemti 



raoderate heat gives a. red charco^ J*^ p*ater part of its volatile hydrcgeoated parn'rth 

dples. It is this latter au_,.~"fW ™*>re of the propertiea of wood ao/<£ili iteid 

,,*r°"'y of chamnal ivliir-h nr,.^....^. .V. 1. . . i . ' , 



with ToiatUe principli 
it is therefore important 
Violctte has, by eiperime 
18 to say, ■ product which 19 uui 
a bath of metal, fuublo at ISO' 
This metal be keeps in fusion ii 
graduated at S60°, ia immersed 
'-d ojion are faateoed to the endi 



- beJt'^ charcoal which produces the beet ganpowto ui 
I, determined thei^!..?^"^ "'' PJ^P-J^g "t- With this Meet in Tin X. 
'ood, and vef^ within which a red charcoal may be obluoecj il 
"■ "tl perfect charcoal To effect thi oWect he eii 
™"^ *"° "^ * parts of lead, aod Sip, 



, ____,,^^J""otpeiiect ctiarcoaL To effect thi oWect he CTjBfcfi 

1 a deep Klas^ vZ.1^ bismuth, 4 parts of lead, aod Sj mrt, 7i 
in thiB bftth^ ^ewel, auapended over a Caroel lamp. A thinnoiMa. 
^., , ' ^•'^ "f^ platinT'^^" ^'TP^™?"'^ Tbepieo«»ofwoodwbem» 

immeread ID the melaUic bath By tbia m^r^J^,^'^ P^' '"to ff>»ss tubes, cJosed at mm ari^ 
ealcd by the thermometer, and sufficienUy 73^*", , ^ ^°°^ '» maintained at the tcmperaUm oA 
may be withdrawn for inspection, when req£!^T^ '^^'° <»nt»rt with the atmoroherr Tfc rod 
varied temperature may be maintained by jSi^,'"^™? °^ ^''^ platin. wires. A Bnil.We««i» 
f^S^"'^'"'- '"''« ""^ "P™*'' '" t^« aS,** Jowenng the wTck of the lamp at the begi^J 
^nverled into red charcoal, ite sur&ce beioTL , " ^""^ "^ '^^ hours, at the aune tempera1iin.iti 

" ootaujed, of sufficient hardness, but easilv , ■ '""^ *° " '•"it of SOClTrerv e™d 1^ ckml 

Wed"'' " ""« '"'' °^ '-^^ *-''r7l"i^^""« '^^flame;3'la.tly,al.t.^ 
„J^« fi^t experimenta were made with a a n -l-K » black; fta«.X^ 

'^^CfeSh''^'^''"P'"" ^"'^'''J' ""^" iX^T "^r""^ of containing abont 2 lb. rfv»i; 

•^'ion.T.f^^"' ""': etnployed for tSis purp„^ ^^"f ^..^^ per cent, of the weifrht of the toT 
39S*. " o' ^'g. BOeS. Il consirti of ti/a bailaw tm- 



itf^^'i 



rcrsrfci. "screw, ilivcnted I'y ^L„.„ 

- r».-wi>^ Fig. 896-7 deootea a n>de ele 






i-i«e- 8968. a'V^i^al central .Be*'^°°- 
, T'-esttcra refer to like parts 



c»f tlie Blide-jsw D. 
*ii« out B Ukes ml 



s «.«mW, B.tlie nu* fitted to a 
on tba two opposite edges of the 
d a gtrap, which pasBea around in a 
' - n the nut B, and ia Hveted to 
The collar oo the 
,»= _^^, _ ... > a correspond i ng- 

'^■jj^^BlidB D; E, the end of the main 
forms the Btationary ja-w of the 
the linndle. The out is made to 
— . - i^ in the Btrap C, and, by turnitis it to 
^T!^^ jj-J left, the slide D ia moved to any deetrsu f».u» 
S jjjj,-,pal advantagea pOBaeBeed by this -"wrench ore, 

'° _^^m itn cotnjHK'"'"! durability, and alrenfflh ; i 
^V T>*>-wer applied, «b wiU be Been in the figure. 



,^*^,j^^ Qjydiiemeot; md great electric action takes place w I: 
??^ decays in consequence. Its specific gravity is 7", and it 




'"oi'ifl' of *inf is obtained by intensely heating: the metal exposed to 
'I tbe nir ib Ireelf admitted, burning -with a very bright flama. 



bsta a great atlractiaa fa laygai; /^^T-*, — 
lakea firealmdV ^^ 



""'N^ 



Sulphurift ofiitc^bltnde) la fonnd naUve, and is a brittle, soft metat ofa bravn 
primitive form is a rhomboidal doUeciihedroD, and it is a loost abundant Diin».7 *** bla-i. j, 
Obtained from it bj roasting the oar, and afterwards distilling it wlien mixed vi^ , 'TteTT "^j? 

I5i;:::;;;;;:;;;;;:::;;;;;;:;::;:::;;:_; f| JJ-M^"^ 

Car5<ini»« of lint, [calamine .) when found ciystallized, its primitive Co 

Oxide of line 2 40 

Carbonic acid 1 no 



J*;**^ 



Zinc is obtnined from the sulphurct and carbonate ; the ore when broken '""^ 
lie n.t in a feverberalory furnace, wlien the carbonic acid is driven off from It '"K), , JoU ^ 
/>h ur from the blende : it la then mixed with one-eighth of its wi^hi of nlj '^l^'" j1b« "^ 
T.;pund and thoroughlj- washed, and di.tiUed bv tL apS'^t.^^f? a r^S«^,-diS^* 



* t> earthen pols with iron tubes cemented in 






! by t\ 

, r ^.»^Uie 

rtt:* afterwards cast inlo cakea A bar of zinc 1 2 ii 

-t-t-mtion, a pressure o. ^ 

* «3H fnr mnfin-f =~) .!.> ^^. „7. ^^P'ojed for tbe process, and iron Dlat<>s w. ~T: "*■ '™° "T _ !^^,.W 




/l^w, " * ^'e " kindled on the hearth, and kept up for about three weeh bj mpnliw of ("^^ 
^™,t . ^oke) introduced through the throat Tbe furnace being in Ibis manner (lUed wiw "%■ 
j^LV?' * ""'»" ''har^e of qnickltme ia thrown in. As Boon a^ this chug* Ins dwcmdfd »^ 
dt.«Q (W the tuyores, a mixture of ore. fluic, and fuel is fed into the funisce, die Im of the fi"^ 
curaeo, and a moderate blast of atmospheric air applied by means of a blowing macSine. ^ 

ine luel the flux, and the ore are in such proportions to one another that the wliole of the "^ - ^v"^ 
fl '" r * -J "^ ■''"" *■* reduced, and thoD volatilized, while all the foreign oi.ltera daU Ibrtft '*«-*™ 
cbTrcoal t'^'''""'''"^ *"■'*** ^'"'•''y''^" '" the heated stale. The fuel emplopl IH^« 'Vgt %:55^^^ 

l,.ri) n=.' °' . ^ '"'"""°™ c"^!-*"" anthracite, or turf, takiniT care alwavB tlmtitiarf »_ - 

Theou''*'.-'' '**■*' "^^ incumbent pressure of the charge in the fumaoe. ^ 

•tflffEB. Hn^ k ^ "^ '"^' employed should be greater at the commencement tluu during tl,- 
lM?ra^7^ Bhould in all cases be sufficient not only- for the complete redudion of (he litK- ?"' 
fuel BhTll *** '" "-^^^ t'"'* whpn it Krr\MB.<. ,Hi-«.Hff Vwfi.rp thp tnrCra. the annKT? 9«*J 
(the Belection of whicl'i. u welT as tbit'oroie'fuel^de^ndroa the"'^BTitjl7tk Vre)'m,"'^'^. '^fc' 
loproduceanyoKidntln? matter durtni " 



JnsiderablB an excess that when it arrives directly before the tnytrcs, the arab^;;^ 

8'»e rise to any gaseous oxidating product ; such, for example, u oubooic acid '?S. 'W'A- 
atat '" ' • " """ ^ ***** "'' **^ ^"^l' depends on the quality of tie ore) Dii^t ^_"" '- 
-hen thlT f* "°' ^ produce any oxidating matter during the formiilion of the ilag. Vor t^ " 



»l.Bt is to ■" V "^ * '^r''Of"»te : and for the same reaaoo it is adv^able to use « blast nf"^*' 

^Xuu ariBiT/V""" '^tP"^*'' "f aqueouB Tapor. The products of the firnisw are, in the first /t ''^'^ 
SXS ™* ;°" "• ">»*«ioii of the fEl i «,eondV. th. vapc. of .i- " -"- -— "' l"** .^ 
■am The throat of th. fomao. hoSg cloeed, •• the g 



c suhsUntes of greater densjtr Oa^ 7 
.i»g from lie .o,l..li« of tt,',,'?^ 



.t.i;::fL"a.Tr..'^:Ch'',o"°"'"'" 

Einc whirl, i= :,.j , * . ""^ bFowing mn 



C: 



.APPENDIX, 



^^e^^^^t'J^T^ """"rtaweheat prodnc«d br antlineito c(m1 fluuit b« c^bKm&mKoa 
•tt* ^K^™T?U. ""'* Kr.»t«- -..olmn. of ll«l»e in poddll^ ai M, ten,].. 



. ,11»UMnib<M<'|Ta_ 



1 



7 



?««»iv^>^U tabor «*5toe«« 



y of the ibim of a parAbola^ beauiifullj adapted to the end de^^ned 

.on of surfkce and great breadth of furnace below; there beiiy a «n^y 
3 a g'enerating;' suriace, savinfif a gfreat deal of we^giit^ whidi is ofgrettuii. 
r boats, this boiler baa the advantage of beizig easUy brtxeed, and theoeotre 
>'WTi, — ^a happy and important arrangfenaent in the boats qd the Hodao^ a 
on the guards of the boat oo decJr. 
ed to iUustrate Biniflar and other methods. 




ner. boat ., a I. D^ ^, ^ ,^ ^^^^ ^^^ 





:^oii^s^' 









f^^tibic feet i^- :^^,,_„ ^„nt by -: Ve^ 



"blinder. 




Jo 






steam otinjney ....- 

front connection — '' 

return fiuea -"' 

back connection -•• ' ' 

main flues -•- ' ' 

furnace, bridge-wall, Ac. • -- ' ' 

Total nurab^'^ 



39eid. 






is Dearlj' of the form of a parabola^ beaatifuUj adapted to the eod des^ned 

expansion of surface and great ^ breadth of furnace below, there being a m^Q 
so large a g'enerating' suriace, savin^^ a gre&t ileal of weighty which is of great im. 
in river boats, this hoiler has the advantagpe of being easily hraeed, and £e centre 
low cIoTvn, — ^a happy and important arrangement in the boats ai the HodsoL u 

placed on the guards of the boat on deck. 

ire added to illustrate similar and other methods. 




bofler, built by H. R. DowHAM and Co ««- -# 

«ia oo^ lor steamboat "New 





I 



i 
I 
I 






^ . ^^ ^OILERS- 

^ „««. ^s6 cubic feft^ ^ V ^ ^ T *"- 

"^.od »tue -. JX*re^ **^ ^lle". built by J " ^^ 



g^^^-i-* 




Jo the steam ,>i.. -^''■'* «"/'*'"' "T. 

- front co^nw^y ' ' l'. , 

fetujnflu .- 

^I'^nection: ::.---' 

mainflagg .--'" 

fumace, brid^el^aii'ii:';::' - ' "' 

39^^ Total nunib^*" ^ 
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3978. The steamboat "Globe/' built ^y,7-^^' ^Ji^l^^^ ^""^'^ ^ 
i 11 feet stroke. 100 cubic feet in the cylinder, which gires 10|-jnr to L 

coal, -with a blower. 




&nt8 tnsieam-lMtlers-^By JamivS JMontgomery, Memphis, Tena These improvements haw 

rconomical mode of using the fuel ; the establishing of a perfect circalatioo of the nte 

tubes; the depositing of sediiiientary matter in a receptacle below the fire, and the pre- 

lie passing of water, from foainin^ or other causes, into the steam-pipe and cylinder. 

IB a vertical section tlirough Uie centre of the boUer, and through the furnnce atocW 

3 is a view of a part of the boiler, supposinir the furnace part to be removed, and a rertial 
>e maae ol the secUonal part in the line X X of Fig. 8979, and at right angles thereta 



3979. 



390OL 





)R^ ia a f 



i\l^ vri^ti 



^r ^1.. 






^ _t are conv^ " — — '^^ 




^ 



.. .'.-•S'Sf'. 

.gjjona on the bottom and other p»L jr* ^i "^*:^*^ " 
'"% » l':*'*^ ^aggregated state. A-t *'<;<'^ * * fi-*"^ 

J u, n"i<l'"'l"'*: "nd which may bo "ti-y^ ^s' ^,.-- 

? aediment, -which it will do effectual ^^i** _,„-— 

gre -chamber of the furnac«, K the fc* 




may be placea lower ^^'Jj" ^g^^^d that the sLrraogemeni as represeoiea win oe ivuna 




>T head of the boiler is placed a metallic shield Q Q, leaving' an annular steam space 
ound it, which -will, in a great degree, repress the foaming of the water when tk 
off by the admittance of steam io to the cylinder, and will thereby prevent the iojoii- 



I I 



3' 







^ minniiiiiL 



am. Under this ainu^g«^ 
r» of the boiler. 




BOILERS, FURNACES, AND CHIMNEYS. 



t»«^ the " 
^® arrft 




These flues open into a horizontal flue r, which is placed above the 
of the boiler. Back of the furnace <i, and near to the bottom of the 



iftCCS 



^"^e pr^ 



♦He tubes 
TbeP»- 







"ft"oin the furnace. __^ ^^ 

^low the water line of the boiler. Back «^a •.«*> *%-*-— ^ ^-, — . -^ ~.~ — ^ — . ^^ 

^r horissontal flue d, and between these horizontal flues is a series of vertical dutr^mailir 
» ^ut necessarily longer, as shown at E, and these flues are for the purpose of cvnyeyio^ 
^^ combustion from the upper to the lower horizontal flue. Through the centre o(e^hf4 
*«^es E is placed a tube/, of, say, one half the diameter of the flue, and these tubes extfnd 
**■ tube-sheet of the horizontal flue c, through the lower tube-sheet of the flue d, as sboTn 
^es through these tubes, and the purpose of them is to present greater surface far ii» 
'^eat, as well as to insure the circulation of the water within the boiler. l^VtMn tbekv^r 
^ d, the product of combustion is either conveyed directly into the chimney, or it mar be 
*^c>ther upper flue c\ through the flues E' ; thence ag-ain to another lower flue (f, ihrou^'b 
^^*i"^. thence into the chinaney by means of the flues d\ as shown; one, two, or mm fur- 
^ «• T'^ ^"^® ^^^ tubes thus constructed, may be placed within the same shell, sufficieot 



^o 1 ®^^^f" them, as shown, for the circulation of the water. 

8*1 operation is this: The water in the boiler risinjBT above the upper horiroDtal floe ffllf 

^ ^a surrounds all the flues- The product of combustion passes from the flue c throoghthe 

. ^^ff^^^^P^ ^*''^ *^® 'jeat on the one side to the water surroundings those, and od tk ciier 

<3in th fl *"bes/ The water contained in the tubes is much naore rapidiy heated tiaa 

I ^ . ® flues, as its Yolume is less, and hence by known laws a regular and lirfeci circuli- 

»*«ce witnin the boiler 

.\, aB ^ ^^- i.^ ohvinf^ not mean or intend to limit himself to the precise form of construction herein set 
^^hotif'O^^^^^J. ''" ^^^"'able the flues c and d may be placed vertically, and theothenmij 

• boU®^ iM-fc the maiTnerd^^ "^ ^^ ^^'^ invention is the general arrangement of the tubes and floes of 

bc-sh^^^» in combination ^witih*^' ^^^ '^ ^^ ^^Y* the water tubes connected with an upper and loTrer 
^^-^ jvo ^-^ X^iper and lower flue )i ^"^® ^^ Icsa length than the tubes, which flues are also cumcted 
^^cb^tb^^K^ fc»y means of the vert '^^i* ^^^^'^^^^ *^"^ horizontal flues are formed in such conuectiffli wni 
?*. the *^ ¥=>F>er horizontal flue arl? i?"®^' tliat the product of combustion from the fireplace shall piss 

vis tbe :t~;a.<iility of parting with f , ®"^^ down the vertical flues into the lower horizootaJ flue, h«ni^ 
fl^s sv:^:K-i~«unding them and o 'J? "®"* ^" *^® <*"® hand by radiation through the flues tothewit^ 

®^ A ibis ^^J^lriether the said tuh«o f other tlirough the tubes to the water circulating through th«e; 

fti^?.Qll,:E^ X^S, FURNACES A V?? ^"^^ ^^^ placed vertically or horizontallj. 

Tcub^^ yard, or 27 cubic Vft/ r ^^1^^^ YS. The capacity of steam-boilers should at leasteqial 



stetf'T 



a»^^«i 



;,\e^^*=5» and 



a tnaxtmutn 
set 



1. '''■■-' VyXlXilX 

8Dao/^f i*^*^ ®^*^ horse-power, being a miuimum space of 1 35 cubic feet'fcr 
ana set upon thp ^J i ^^^'? ^^^^ for water. In cylindrical boilers, pkiii, withont lor 

^^;tbeb<:>iler tothechimnevLfl ♦P ^"^^ ^^- ^^^^ flame and smoke passing direct from the botioai 

Ao« ^^« horse-power or if^?tu ^^y i^^ flue— the maximum length in feet is 6 times the ajare 
'vW*''^^^ ^''ers with nside flai or^,^«^^ draugrht, 4 times the square root of tbe hor^-power. k 
^^''Hb iT^ feet is 3i times ^e sauare r^t'^^^il'^ through them, anS with split draught, themmnm 
^uu :.._:.. ."^e square root of the horse - power ; or, with wheel draught, Si times. U 



VetiSl 



fiacd, ao<^ with inside 



witli mside uptake set with snlif ^« "oi se- power ; or, wiUi wheel draught. Si tuDca 

root of the horse-power- or if w.'m ™".'^ ,' V^^ length in feet should be from 5 to Sj tiiw 
»c ^^.,-pit and entrance to it should h^JtlZ^"'"''^ draught, 3 times * 
^ asb-pit never less than i the area of ^rate • 1/^®.®°" ""^® *•' possible The area for eotnuiceofur 

The fire-bars inclining downwards 1 inch dLi- r t ^ '"^^es is sufficiently deep for ash-pit 
eary strength, not more than | inch thick and w'VJ! a*" ^®' *^ ^'" *^ possible consistent with occ* 
The furnace should have 3 cubic feet of sr>ao« k « ^'* ^ *"^ spaces between. 
Flues.— -To determine the area of the flue anH ^. ^® ^^^ superficial foot of firebar surface, 
of air are required for the combustion of 1 lb of ^"™"ey» 't roust be considered that UOSo calky^ 
evolved from the coal, and 105-71 feet with *th^ *^^k i ^^ '^*® **'' ^'^'^ ^^^^ combine with thegis« 
and gases mcreases their volume 1-lOth The 4/^ t ,r P**''^'*<^" ^^ the coal. The combinatioDof tbeair 
with the carbon remains the same. The total "rL 1 * *^"® become 49104 feet The sum of 105^4 
' ' ' • • '^ 7 P^o«uct of the cornhiio#;»« /„.;♦! * ^«-.vi-rrW dw ib- 



RICK-MAKINO MACHINE. BOTABT. 

iHINE, BOTARY AND IXJCOMOTIVE— By Joan Gum P^. m 

ion, witli one of the propellinff wheels remored 

of the mould -cylinder. .1. u u t ■ 

vortical sectioD of the machine, seen from the b»ck, ibmnng Ibe moU- 

sectional elcTatioD of the moulii and preBsioff cylinders in jxrt, witi kj^e 
pcratioo. 



1 M a Scored cluuinel and cam, used in workin? the Mowere. 
* denote eimiUr parta throughout the several figdrt*. 

""* "'■*"o c^liDders rat borizonUHy in a sniUble fii 



by geeriog, which also prop^s the madiiiM la 




_„ _j follows : 

rfrfrf bt 
ITO tbre< 



the rollers/// », jj^ *^.^£. ^f ■ p»«9,„„ thr^u^fa 
to tJ.B framing 4^ ?,''-V">derp/.P""^AA A a.*-*^**= 
the cylinder ¥:■ io ti:"^ ""^lior „/* '^"sed to ro-w**' 




BRICK-MAKING MACHINE. 







or moulds ddd in the crUnder E', into which they fit or press the cIaj; the^aremade 
?e first entering the mould than the finishing- or after edge, as shown more particnlarif 

*nr giY'me motion to the machine, (but the arrangement may be such that stesin or 
^ be applied.) I is a pinion .turned hy handle H ; it operates a wheel J, oo the sbaft 
"toa K working into a wheel I* fitted fast to the side of the cylinder 6; the wheel Lis 
Tespondi^g wheel M attached to the cylinder E' ; the wheel L also drires a piokn N, 
^hich are wheels 0, one at either end, working into similar wheels PPtaatdrire 
^o on the cam-ahaAs 1 1, which they operate. The relatiTe proportions of these sereral 
ions are such as not only to obtain additional power, but to operate the drop-motioo 
*^^«i8 ^ ^ at a proper time— that is» to strike the rollers when they assume the podtko 
* so as to release the brick, and likewise to operate the propelliog or travelling: wfaeeh, 
^laitable relative diameter, so that the machine will move at a speed proportioDed to the 
^ Jf *?» causing the bricks made to be deposited regrularly, side by side, in kyera. 

^ as follows : clay being put into the hopper B, the handle H is made to turn, and by 

•^ V'^'^ *°^ ^® cylinders E' G are made to revolve in opposite direcdoos,«s 

"I f^' 5998, drawing the clay, partly forced by its own weight, into the moulds 

^«^g plates nn n, entering the moulds at their thick edige first, press, and together with the 

t>Hck h ' #1^'*'**®® nnn leaving the moulds at their thin edge, obviates the teodeocf 
_ nas of bein<y •%>m«. — i j.^: ^A. A.x^ — :j-« .-^— ^^^^ .^^»:»:.,^ *v» last or latest impra- 

^h means of the pro- 

, E* to dra"w^V^*^^^^'^.'° ® fixed grooved channels FF, which causes the Mowmot 
'fc^rick, which Ufnh^^^^^^ ^^^ ^^^Yw and when the brick is made to be forced oat^aodio 

O O P P O O *K released from the mould by the action of the cams kk, dnVen by 

^ raping or ahakint^i?^® t ^ 8t"*^''°ff ^^ rollers X/y when arriving in the positioq o// Fig. 

zKiaterial un^ «^* ?L .. ® pnck fi-ouck the followers, which, being covered with fine cloth or 




&V j ftitoi^^^ :material. are not In iT-ui *^ troua tHe foUowers, which, being covered with fine cloth or 
oi3^^l^\f^dL side by side and in ^ retain or cause the soft brick to adhere. The bricks are hid 

in **^® y^vo^r denendent «««« *u Pf^'fect lay^ena, in the manner shown in Piff. 8993. the Domber of 







dependent upon thA ^'^^^^ layers, in the manner shown in Pig. 8993, the Domber of 

- » three, or more ram ^'^ ^^ **^® machine or length of the cylinders E'G, which msT 

•apidly, but of an p i '"*'^^^® *^«" pressing-plates. This machine, therefore, not oolj 

in any direction t^f^ thickness, sound and perfect ; and by being locomotrVe, m be 

"as convenience augr^rests, laying 4n the yard in reguW order the bridB 

^^^3^ »^l^lustrating the Dulv^^^ ^'^provemeixt, patented March 26,1851. r^.S9«iJ 

-m- ^^11 ^ * fr^°t or end elevatioiT^^ 
yI- ^^ al ^ * ongitudinal section. 
^^. »^^^ f * tra^yerse section. 

rf^e BftB*^ letters of reference denote similsir ^o^*- *i. 

^^ natixre of this machine conaiste in lSeiL?^r ^^^^P^^ each of the sereral ^ffurea 

Jceo ^o'^.^'^g on a stationary axis set at a^ll^t^I^rt'"^ 

^ni a horizontal position, an/having attached to «t *''*'^"**'«? 

^^m H,l«gs or crushers, which, bytlieir w^c-ht -T ^^P^'^^^^d 

^a^e the clay ; the stock or clay Being fed kf « t 'J!? "^^ i^ .P"'" 

:^U;^^if^ by its revolving motion ^ries^or dr^/^l 

under the lu^s or crushers, thereby breaking amT^, *!i^ ^'"^^ 

the pulverizes clay falling through the aper^r^ oF^K "^'^^^ '* ' 

and the waste or hard lumps and stones mL>r«cl , .screen, 

stock being expelled at the back or lower end o/ ^k ^ ^^^^ *^® 

A A sxe uprights having cross or tie pieces^ h^ ^Z^V^' 
stitute the framing of the machine, or an v aimil« ' ^*»'ch con- 
are the bars forming the screen ; they may be pU^S^^^'^ ^^™ °^ ^^^^ may be ad^U^-, aa. 
OT secured, ma cylmdrical form, by hoops "B B iV^Jt f V*°->' ''equired distance apart, and are bonnd, 
fit, or be otherwise attached, /o th^ hoops BB °^^^«« ^ ^^ch the ends ofthe bs«.a«n«T 
i^^^!:^fj±^'^\^^}^^ ^^reen; th^^^^ ^^^ ^^\^\ddd, connected with nsvesFF,whki 




map be used »*^ " *IU deacrjbed 

mid. rf ""Vm?.* «» " ""tt , 
amaJJ dnjm ** "" ,^ *j,o ■»°"' k ' 



"lkijcg ma 

I and roatin^ < 
iA, cords or ■ 
' from £c>E)djii~ 
" may be ■' 



fff are oi "°"i_;ip into the .y-"S' 'o, may be u* 

T Tl** P»»"^y* ^^e to , bars a .. a. . 



catch or 

MM,' T 




CAR-WHEELS. CAST-IRON. 




to pulTeriz« Uie finer clay which is oollocted under tb© Bcreon f^^ 
tempered or prepared for maUng bricks. 

pickers eeoe may be throwD in or ont of goer with the bars ^* «v 
rere FF, worlniig as a hin^-joint on the rod x. By unfaatet^ <i^ ^ 
eeieue tfarovn in geer, entering the spaces of the bars aaa ^ "^^ 

or causes to rotate also the pickery e eef, -which pick out or clea^ ■ x^i*-*)^ VL![i"* * r)ibii> 
ich may dog the spaces between the bars a a a a. By the '«itkl3'»e^»^|i „ * J- % j^ 1* 
-eer. and uaed only as required. ^ ., * ^ ,^^„^ '^li'^ 

;k press. PatenUd by Jobs Riddle, Covington, Ey.,. Aprit ' tl. een of .... 

simpls pressure, from untempered clay, of bricks posaesainjr tha 
■e, it is ttbeolutely oBBential that the pressure should bo uniforr* 
result has never, to our knowledge, been attained, except b; 
3 sides of the brick ; but tbii mode, althoog'h (while the oiachjj 
le to the formation of a good article, is particularly ineligibj, 
i become deraa^d. The fact is, a brick-mftchine should Itav^ 
■edall; in those parts which are ia immediate conuectioii with ^ 



tj._ eeooi 



».»UH 




v'*j ",'■'''** *''* '*>n<i\A are formed either 
bed of moulds, m connection ' " 
y, but the pressure not being 
lown at one part, rises up at " 6lher parts. 



ction with a whee , by a sididIb mil.™ ** « g i 

Of .t olh.r pm» Kw, W. 2.;' ?«•. H.i? ". „? » • 



ulda a are placed around tha perimeter of » trhaal b and th. '^'^""^Oane^ **^ 

■ "' "•■! arraoBement eiut ;„ .t> ** Usual ^'^ e«..^ 
Peculiar,,^ ^*'*Jed 
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or lugs to pulveme the finer clayyj^^ brSr*. ^ ***®«i formed by the hftrs a a a «» and 

10 thus tempered or P^^^^J^JL^nor oat of geer with the har« 

The pickers* If** may ^^^Zl^i^nt on the rod*. Byn^^«««»by lowering or raking the 

ode-levers FF, working .as » ^'Xi^ the spaces of the wl*^**^°^ *« h«>k ^, Fig. S999, the 
pickers **** arc throiirnm geer, ent^^^i^^^^ ^ the ecreen roUtca, 

Srires or causes to rotate also the picke^^/? lirsaaao. By t^ "'^f^ *^« ««•««> ^^ ."»J^ «** ^7 ** 
dirt which may clog the spaces between tue oars a a. bj the hook ^ the picker ia thrown m or 



_ r, to our knowledge, been a^amea, except by the 

oD^te'ikTes of the bnck; but this mode, although (wiiUe the machinery remkins in worJtW anier) 
SKe to the formation of a good article, is partjcukrly nehpble, on accoont of it- ^ity to 
do?^d Wome deranged. The fact is. a brick^hme should iSye as few working jainta as ^ 
wfe^cSlT^^oBe parts which are in mmiediate connectjon with the clay. 



4000. 




Machines in which the bricks are formed either in the circumference of a large wheel at kit 
straight bed of moulds, in connection with a wheel, by a sinmle rolling motion, have the reqpisite 
simplicity, but the pressure not being applied to all parts or the clay at once, the mass, whOe wiv 
pressed down at one part, rises up^ at other parts, which have passed the point of pressure, m 
cracks and becomes unequal in consistence ; and haying oncQ taken its set, no pressure afterwards s 
adequate to rectify the defect. These difficulties the inventor has entirely oyercome \>j a w<xti^ 
macnixie containing the following deyices, to wit : 
Fig". 4000 is a longitudiiftl section through the mould-wheel and its appurtenances. 
The moulds a are placed around the perimeter of a wheel 6, and the pressed brick maybe eztroded 
by followers *, which may fall back agamst a solid shoulder in the wheel, as usual 

^ip»e distinguishing features, howeyer, of this arrangement exist in the peculiar coustructioo of ^ 
Jfeed-trough d, and its appendages ; the trough is made to gradually narrow downward ootil 'A 
cornea closely in contact with the rim of the wheel, and is thence extended forward in thefonnof i 



lin 



::^^s:. 



**AKINa MAOHIlTEBTr. 



^ pre^re V- f^ *li^viintaE«s „ ^^^J gro»tI j ^etkaning it, but requiring nmcfc libor loi apam 

: one or whicb a, that to odd to 
put into botli of the plilct msdi 



™. wtael '" * SJi>,„, " »r tl," « «,M form 1, one pUt.. 
Betdea. .t boa the ■^''l "l^* Hot „^,"'>nffla p)«to and the double platee between 
drawing i "P"*t?l .enanit*^' -^*UcK -^ » wlid. bW what is usually tenued an unu...u™ u^ m « 
It may however, be ^fP*™*^ i^Us t^*« a solid cjlindric tube of metal, extending Itrough IIk wM 
the hub. .1 „ pralintblejo^cut it .„^»o p^ t^njvonelr „f it. aai, ird«nr.blerb.l a. lli. wala. 



oUti."^ 



one eotire piece, exceptii^ the bole a tJim^itlbTlkR- 



^t^'n the t*., J 
'^ceotr.c With (},«T1 ^:^^. °- ***. ■»'.'"'* .» cofrespoodiog wT,enti^ fo™ i.p.« 

^ of SArd DjAbt Imvuaainir in Bitf fifln 



[>Bitiea of Biiid plflte inoreasu^ in aie 
the drawing 77,^ conreiiiies uid ro 

Ed ■•"£ ia »» 'SycaT"'- "uaded ag»mi .ehllllall..aaualwaj.aadlJi.riJ 

<»_="SS pi«" »«""'• "uiUM, r„ ,^,™ itTnH "InaWe Pint, rl.re i. .^,H.d af ^ 
-*^^; heada of oaka fcr the leception of the doweU^ **° "PP*"'"" ^-^ drilling Ilia faoica ar •«M 
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centi^ for-'&e circular motion of the plates /■/■ '^P'«t«/r^J*''"i5«*«ft... i^i 
guides 7 y, which work tiffht in the framew^ort A. Tbe gmj^ „'^.P^^^^ «J» m^^^ 
&em oiT iich side, which work through slots * • in the taiiewZr^f ^^ *'"' *«»» i^S ! 
following imumer : '*^ ^* '""ii'e i, wortTit 







BO fhaf #I*A o^.'A^r "kjn i» 



IBON ROUjING MACJltuB 




ah" hese casks have giveD the utmost saUafaction, with the exceDtfon ofavs^r 
together, before the m&^nery was in perfect worldngorder, Qenibh^^^^''^^^^PBt 
to equal those which were turned out the other day. ^ mathetau^lS!!^^ 
are shaped (or "jointed," as the coopers call 't)bj these mt^k^^^^^^^hiA 
tightness to the casks than e^er haa been witnessed before. llehMJSIoLS^?^*^^ ^^^^^ «d 
stave, is a very difficult one, and requires loo^ practice. He worka^^^dtT^'^^^^^*^^ 




'zuj he the shapes and sixes of ibe 

We are not in possession of sufficient data to form an nccnrai 

™ use of this machineiy ; but one feet bearing: on this po^ wl ^""**« ^^ *^« eoonomj attendnf 

jnachine of an average size, or adjusted for makiog hoMheadTt'k*^ mentioa A principal jobtii^ 

jouit sufficient stares for ninety hogsheads in one daj of ten h^ . ^® attendance of two bcya, oa 

what can be done regtUarly \>j twentj-five experienced coopeii ' ^^^ "^ ^® understand, mare Usa 




produce, uj me process or rouuig, oars oi taper rbrms, as for inati '° '™° ^'^ °'°®' metaia, is designed co 
• tj, 1 *"P«"ngr of metal bans I effect by allowing one of the I ^^ wet^g^e-shaped bars or cooicil ian 

wlL?^®'*,** *^® roUingr operation groes on, and thus enkwA *L^i^^^-roiierB to recede gradually from 
^nerebv the metal, in passing: between them, is made to ^Ir^ ^^^ or distance between Ubib roUera, 



a we(^e, conical or other farva^ according to the shape of^^ * ^^^ually increasing thickness eitbe 
coJui^ ^vention consists in the adaptation to roliio? mtJh^^ S^'^ves cut in the roUersi 
meam!^ c\ ^**^'"' <^'' <^*''«'' non-elastic fluid, the en* of^h« « '^^ ^^ P«*«^ bearing against coo&ed 
^ater o ^f^^^ the bearingrs of the rollere from shiftin^Tho?. '^-'^^ maintaining or iSkx^ tbe 
or cho^® allowed to relax their resistance by a slow anrf^^ .P^^t'oiw. excepting as the oolnmos d 
the a^^* through an adjusta We valre. The aDDarat»« nT"*^ ®^pe of the iSuid from the cylflxfer, 
«>e h^*"?*"^"^ drawings, in which Fig. 4009 reor^nfcf . f I? ^^anged for this purpose is sbown m 
«»e t,t?r °^?°® ""i^^^ standards, wherein the beari^Tmo^I^?^ «e^'on» ^^en toanSFeraelv thioi^ 
^ve t^^'? "^ »°^ appendagres, with the column of ^^-^o"^^ 

* Partiri r®V * ^™*" quantity of the fluid may be aJ/nwI^ «11^»w* which the piston bear^ and the 
***^dHrd ^'^ ""'r^ ^^ ."•« «>*'^"- ^« bearings^d DarZ?If^^'7 to escape. Jpig. 4010 «pi«eDii 
. <^^^»^^'-? *^.?T" '° section. ^' *°^ P*^* ^^ t^« '■e&Ulati-,^ apfimtu* Si the heaS of the 

.'* * h^ !' }' "^'^^ ^ understood that two such «fo«j j "S yt- 

. ' 4^1!!?^/ '^.^'on. taken in the hoe 1^ a^VJV±^, '^PP^H the ends of the mBeiu r«r. 4011 



-««p»s;; !?»■»::;" 



. 1 ■ -1 ™ with the eog» m "■>- -- _ ^ pre9sure-mllpr."r"^ "w will be aet at moaoi ujukob- 
4016 by dotledlinea- 




la folio*.:— Botary^ motion u gJTeo tothenuin^^^^ 



. the araight-edged plane* oo¥ inoM,«p«d>ll!'' "^ 
It upon a knot at the same momeiil, Ihetedm l« i*^ 
will also clear themBelvea fcettn in cuUine. 
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Fl^ANINa MACHINE WOOD. 



or tM 



rbors of the rollera ABO work in roovatJe baxet ijj, Joilri rnpEdiidj j 
Fp'p" F"'F*V*; which boias are prc«oed inwirdB bjmeiniiif Ihe Broil 
cb paaa throi^h opening ia the ou ter extremitiet of the aid bomip^iinm 
iwo their outer ends, that are reapectirelj- coonected to eub otbei, tj itq, 
> Mperal freights N N N ^ -w^Iiicfa weig-hts and bauds prejeire thi ulnrKfiiit 
>^ and preaa the rollers unifDrmlx MffMDSt the plank dnriug t^ [lib, 
4019. 



.OHTKrB 
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PLANING MACHINE, WDOZ) 



most planiog'-lEiiife to take hold of its definite wad dutioct portion "^ — *"■*-"*- 

ft> on ibrongh tho -whole Boriea of pULDing-kiuTeA. ^ of lAe irood (o k iwn^ 

A fireater Amount of play is allowed to the foremost ttill^r^*v '^'^"^iiini 



greater amount of pltLy 
the parpoee of allowing' tne foremost plaziiDf -Ji 



foremost roUer A *k 

-Jaiifo to r«;!^* *««>> tio« 



ue puipose on waiarwmf^ »**« jurcauiuoir puuuoK'-'Juuie to remove **•* /bflo» A 

pass under and take off all the gritty matter that may he udod ti^ ^^uig of anfficLnTIiTf ^^ 
The extent of vibratory moFement that can be imparted to 2? P^'^ ^^ ^^ ^ 




««««3 pressure exeixea upon uieir lonrara ends Dv the fom^ *"**" '^wW eodt «««k- j '■" 
tnating we^ht JPf, aerrea to diatrihute the amount to be remot ?* P^ ^^ «re»i ??/^.!**^ 
amopgst all the Jmivea in the plane-atocks G a, ^'^e «» forea^^ *^ «de 6/ Si ^^J 

4tBi 




^^r^^ '*"*^'""<'^?St^*^HH-fll«t the 

^P^ 2f**rj^ *•»« •et-«sw,WB K-H-' *i.^ °^»oaUi6pkBk to pro. 



le time thai 
a perfectly 



be 
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■. A a tfcavpreas the inner edgM of the «tiau,v««_»i . 
V V. OB tiie (rant ride of the ce»itw-P^!!Lf^^^£ the lipe at the re» end, oftte ihfft!^ 




The grooving apparatus, which is combined -with the stock T, is arranged And operates as foflon 
vis. : Tne knife C % the cuttmg-edg^e of which projects above the upper side of the stock T, smootfaes the 
edse of a plank preparatory to its being operated upon by the grooving apparatus, which is secnre.! w 
the front surface of the said stock T, is browht to a perfectly straight and even sur&oe ; the groovk^ 
Ar>T>aratuB composed of the several fluted rollers X X, having cutting-edges radiating from th^ir eu^ 
And the Btationary cutters y y, are then secured to the said smooth surfi^ of the stock, in the numitr 
ahown in Figs. 4019 and 4021, -viz. : each fluted roller is secured by a screw a\ the shank of wbid> 
forms the ioumals for the roller to rotate upon ; each stationaiy knife y is secured by means of a thaa- 
ffular piece/ (which is bolted to the face of the stock) in conjunction with the aqgular jib 6' and tk 
Sonical-beaaed screw g ; the rear side of the knife bearing against the front edge of/ and the jib ¥ 
toeing pressed against the front side and the outer edge of the said knife y by the cooical-headed tent 
^ forces the inner edge of the knife firmly against the £ice of the stock, and its rear side finnlj agakst 
tbe front edge of the projection/'. The cutting-edges at the inner ends of the fluted rollers XX bear 
closely against the front side of the stock T, and the peripheries of the said rollers, and the cottiog-e^gei 
stt their ends, as also the cutting-edges of the stationary knives yy, project a sufficient distance abm 
•tlie upper edge of the stock to enable them to form the requisite depth of groove in a plank 

When the ed^e of a plank comes in contact with the fluted rollers XX and the radiating cuttii^gHidgei 
A^f. their eztresuties, it imi>art8 a rotarv motion to them whilst fheiv rfp tt^rtina nrwi tJu> nune. nr: tk 
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V V, on the front ride of the oentre-plate S, they press the inner ed^es of ^e «id „ 

tte centre-nkte, and by the same moyement cSi^^ lips at the rear ends of Oic i.l» to Aanp« 
ti« fauFee V V, on the rear side of the centre^plate S, and force their inner edgfis finnljagainsttlied 

It will, therefore, be perceived that the centre-plate S serves as an imemn^ guide to tl« moper 
poeiboM of the rotating and etaUonary knives and the fluted roUera, which act ooojcwntlj with «kIi 
other in forming a tcxigue upon the edge of a plank. 

The reducing edging cuttera IT U prepare the edge of at plank for the action of the ioQgmDf eotiffl. 
when the edge of a {Sank cornea in contact with the sharp edges rr and the fluted rollers tt,ikj 
are made to roUte aa the sharp edges cut into the ^dges of the plank on each side of the vsixtjiii 
o, and the fluted roUera bear upon the plank just in front of the stationazT knives vv, vhiehrenoTttk 
wood between the incisions made by the said rotating sharp ^^es r r and the oater aisles 0/ tbeoi^ 
of the plank : the said fluted or spur rollers serving to break Uie fibre Just in front of the edges o(tk 
Baid stationary knives^ and prevent them from t^'^^r^r%Q splinters therefrom in case tfae wood sboolij k 
cross-grained, and also serving aa rotating month-pieoes to the said knives. 




il^VS^^rf^^*^^ " combined with the stock T, is arranged and openies is mm. 
ed^; ^1 ^ifr.l^^^^'^F^''^^^ P^^Jf^ **^^^ *^« upper side^f the st(ST,flD(«th«ite 
thf ff^t flt^J^^^A ^ 'ViT^^^'^A "P^ ^7 ^« g^y^oving apparatus, which is seonedw 
•^1. * A "?,?*'«* "^ I» M brought to a perlbctlj straight and^en aiir&ce • the ™w 

Waratus composed of the several fluted rollers X Xhaving cuK-L^ iXlw^^J 

^a^i^'fl^IElT^^Z^l^^^ ^^ BaidLoothfaSSTorSSs^tir^ 

?o^th"joSia1s'Vor^^^^ 

beh>rp?^ed^^^^^^ «ie ^n^"^ "^^^^^^ 

Se'^rrtX^srtSer^^^ 

closely aSt ?he froSHS; o?t^; .*^t T^J^lt^""" .*l*^^ ^^^ ^"^ *>^ ^ ^"ted roUers iFbear 



fignr^.'^''^d'^"^I^inted to davBe a plan, unanhaoadj mdopted tl»t Aon b, ,>. 

3V PUB.™ ^r^^" "' ''"^*' " **«™ given. ™"" O thg uanaanm 

<rfoylJnderind8fi«?.""'H.'°**^' "'' "■*■ '^^^ denominated °liftiiw-piuor-''«j,,.. ^ 

'"S well, Md tonnyu^to m amtable roae-piewa^ wU anipJe ^,rt^ 








nump 

^^81 feet .par 






*_ T^O WholB 




lAILVr, 



'*y BAB«. 
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_^tv ^ r«auoed to a thin iMoina in extending the mass to tf^T i^ ' 

^%e\du^«B and materials wiU be much less in one C of^'f^ of a nn, «d that 
A t»® ^ ^ ^ -^ ; 11 -i. :«.-* ♦^ fkifl matter its due «^ . . "' *ectioD th«n •^J?.^ ..^\ 



^^ of tta« same line, and on <fifferen,t road.. E^h bLZ^&^ » wmpetitico «S 
*^{SrH-r«a laaatke advantage in eimphcity and beauty r;rP«»^nM«fe ^ 

ifiitioa of the. -ecUon. The bead and base are ««»««lly"inadeW]S?» T'' ^'^ " "^^iy. br • »oi 
fbrtter b»e tor iu support on the beannga. "^* "» ^h^ (we %. 4OS8.) fi ai jftS 



40M. 



4041.— Two-part H-nU. 





But» after all the exertion of talent and fikOl for th^ i— * * i_ 

e usual form of rails, it stiU remains yenTdefi^W tn !!: Tu °^ y®*," *° P*""^*** » ^« «' 



the usual form of rails, it stiU remains yerv defi5«n7Tn t^ *Tif "'^ ^®*," ^ perfect a line of road irhh 
feared will continue to be so while the ^^e^ fn ^J^°*^ ^^ •'*^^**^ ** the joiniags, aodit 
The perfection of a raU would be one 5 suSde^fnH "^^^J^"^^^^ ««P«te, soUd ^eceT 



leareu wux wu»"t*« tv uo bo wnue tne rails ata ma/lA .'» ;«j j . »»«w«*i,jr »* uie lomiaga, aod n 

The perfection of a raU would be one 5 suSde^fnH ^^.«/«°<l«°t» ««P«te, soUd ^eceT 
means-in one piece, without jointe the whole Wfchr.f^ nmfoiro strength— roUed, or made by othd 
Is now to approach it bj a nei device, ^S L to fo™ ^^° 1,' *?* *^ ^'"^ impScticaWe, tJeftrt 



) 



BEQISTERIBTQ AND Jfrri, 

J™^^««swe ■ 







SEWING MACHINE. 

«*« , — "~ ; . 

p is » crwJt-h^^f ■ tS"*^* *9'linder on the muq Juft hirac la tcaOla 






nnxi W, which luu « mQ on its lower end to take into a rstchet-wbeel aa Ibe tpDiSe bdov, iidnn 
it, F is ft pinion on the email horiimital ebaft, which ia tuned bj a Mg-wbeel on the miia-iUt ti""- 
I, i( a lever which baxws down to lilN'ale and operate th« abuttle-bar twckvards aoil (umnk ^ 
Mool is not Been, but the thread ia shova paseing behind the needle-ana M. Il^e needla it il lb 'n' 
aod. The shuttle, S, ia like a weaver'e, and ia moved backwarda aud (brwarde, a* to a kmu H* "^ 
-. the Dlate. PiB. 405S, has two inrinff fin™- «nK™™"~ .i.- .1.....1. i. :. ' *'-■■■ 



SMUT MACHINE. 



«.!„ to ih. !«. rf (i. i«to«) «p ^'r^%?S^^i"^,1A ■^rf'i^^S 

»»r .™j ^ymlj. Th,, can be »«i<l ™ »»•. V "V 1» <»™' 
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SPARK ARRESTER. 



SF'^SsS a ri^^ — Ournwo'g patent. Tig. 4057 is a vertical section of the machine. 

^*ul inner cK ^^^^ diaphragm with its curved and inclined planes, separating the onter dtsmlfr 
from tB« "™« ''■•^mberi^ ancf exhibitimr a view of the ventiLitors, or air-flues, in the lower or indmeti 
•ectioo. ^o 

Fig. *5^.? ** * **^»^tal Tiew or the under side of Piff. 4068, showii^ a series of ventilators cr » 
Hues* ana tne curved plana 

S*^* f^? ilf • P^Pfictiye view of a section, showing the combination tit the different parts. 

*^' # *t J^Jl ^^!n«»*«l view, taken at the line a a of Fig. 4062, showing the air-floe, and the o- 
inoe of tne yretxtilMiintr tnK>tL -o » — o 



9 veotilatii^ tubea 
F)^4062 IS a verticJ section of the chimney in combination with the ventilating tabes and sir. 

ITie same letters in the several fWes lepresent tbo same parta 

The ^^^^^ tne first part of tiSa inyen&oo oonsists in arnmgiqg npoo the outside of the indmed 
plane, at the base of the diaphraj^na, a series of air-flues, extendi^ from the spark-ehamber throi^ 
the diaphragm, the mouths of said fiues being in the spark-chamber, and their exits in the diaphngm, 
ao that the rotary^ current of steam, Ac, through a series of curved flues ^ «ald diaphragm, wiU pM 
^?J ™ /*"*? ^Iv J. »^'*"««' causing a current of air to be drawn from said spaik-diamber throa^ 
eaid air-flues m the direction of the current of steam, Aa, for the purpose of creating a partial ncimm 
m said spark-chamber into which the sparks fiJL And in order to effect the deposit of Bod» ligh 
particles as naay posaiWy reach the top of the diaphragm, the nature of the second part of theiiH 
ventioo oonsists m urranging an air-chamber within the diaphragm at the top of the st«i. vbid 
^amber is ▼entp^ted or exhausted by means of tubes connecting that chamber with the air4oe it 
the bottom of Oie diamber at the top of the chimney. 

To enable others skiUed in the art to make and use this invention, we wiU proceed to describe ti* 
■ame with referenoe to the drawu^ ^ 



4057. 





^^* form ^*? ^ the chimnev A is phced an ah'-chamber B over wYif^i. s- i 
•'^*^. anf ^*J^?lt^^A^^^^^ <>«*«' edge, turned do^^u'^^^n^^^^^^^^ 



defl*^' 



stof:^ 




tf -I oC tbe passage of the ^iw 
^^ 'Tb® S a« F. » *° t^^^ further exilj^-OttZar c 
fit^^VHeV^ k cl^^\^ i* ventilated b^^* «»« 
^i«r t^^. 8P»'i:Ti5620 at the bottom of^j,^® 



^ib«^;ue •J'-^ V cb«^^\^ 2* ventilated ] 
^^5 oVer t^^e ^P^'f r^^^l** *be bottom o 
^i il^^*4 y^ea^i?at bas tb^ tendency by i 






Bpark-cbambe 







jr c>^ it« a^*". <>" *^® ^^^ 
o-«rex- tlao air-flue T 

, ,.^ -kJckO jMtr tides of 
z-^u^es G into the 
J- is grreatlj- fac^ 
£3 occasioned f 
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within the limite of a portable ^^J^'^- ^ding the damper which ia capable of perfectly cIoa« tbe 
The radiating heat is regulated VJ^L^ and thus making an ordiniy cIow/otcdR 

*P5S1^ ^'T""^ ^ ^"i'^ffd^ wSS^it is opene^ form a c^J^^^^ ^^ ^ 
The fire-door has quacW ^^^^ToiS^^^^d^^*"' *^^. ^'*' *"^'^^> ^ He smaU door sborfSe 

^oLrC'qJ^d^d^^^^^ ^ 

^ 5f^'-^t"lnowrL KnfJh^^ (Cincinnati, Ohi<^) of August 27. 1850. 

SVflA^T^Tuf A^URE B«8EMKE'fl /m/>r(>i«,«^ in Apparatus adin^i^cn. 
tr^^Z^^^^I^^^ treatment of saccharine matter, by subj^ it to t^Tctioo 
tnfugai force, mis invention m "^. j^j ^ the apparatu* or nuuihmery emi^yed for the po- 
of ^^^'^''f^^l^^l^^^^^ and iS&iiig, for irhich ^1 treatment isadsjIS 
C;^^tt:rSdS^ ""^^'-^<^ ^^ apparatus «Js^ 

beene^eLed, and in which state it is fomid to be mixed, to a greater or less extent, with m^ 
fr^e3:uTfihe cane, and the arrapgement of centrifugal apparatus for filtering, wherebj toiepuiite 

**^^c^y-?^LtjS^;^^^^ bein^ filtered bj the before-named appanitna. may be depurated br 
any of the usual methods now practisel; when a certain quantity of coagulated matters a"J^ «* 
pended in the juice. To separate this, the patentee agam applies the centrifugal «t«"°? *PP!»f»*?"* 
t£s stage of the sugar mani&acture, in order to separate suA coagulated matters, ot other "jlid*, fem 
the saXrine juicf^The juice having been thus purified and filtered, accordu^ to the second p«t, it » 
subjected to the operation of the third part of the inyention, which consists m exposi^gjbe ynia a 
an ipen pan, while*in a heated state, for the purpose of evaporatmj: **"« /?"«^";P5^JX 
ordeVto^fiicllitate that process, it is lifted up ty centrifiigal lyency, m a tube f^f^^J^^^^ 
the centre of a boiUng-pan. The upper part of this pipe is enlarged, and perforated wj^ Dmaw 
holes, whereby the riused juice is dispersed in a shower, in order to present a greatiy extended ij 
&ce for evaporation, by which it may be eflfected at a much lower temperature, and ™ ™ 
greater rapidity, than when the area of the pan is the only aurfiice exposed to the actwo of ttetf- 

The fourth part refers to an apparatus for the application of centrifugal force to the filtn&nrf 
syrups, in the refining of sugars, and consists of two modifications of the beibre-n^ed BuOm 
for operating upon those fluids, and separating the coaguUted or solid matters therefrom, aftff the 
process of " blowing up," preparatory to passing the syrups through the charcoal filter. 

The fifth part refers to the apphcation of certain improved modificationa of theccDtnfimi/ftW 
apparatus^ to the separation of the crystals from the fluids, and other matters, with which they are 
mixed. In connection with this part, a mode of preventing the vibration. whiA attends the adionar 
centrifugal machines while working, aflfecting the buildings in which they are placed; »» *J^*^ 
ingaud discharging the materials operated upon in those machines; and also in the method! of 
applying motive power for driving the same; and in the construction of the perforated dmms. 
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SUGAR. MANUFACTURE Oj.. 



a Btrap-rigger or other means of co^^^^^^u ;? On 
to the ahaft 6, and oonaeauentlv re volves yvitniu kju 

placed, which carrj 
uited matter that 

driven by 



t:^t£1 "^"SoSa.i^e *o„ „ . ^,^ 




he drum a two radial umtt ut 
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pipe M uiiiwja to the 
while the abaft d is 

^^ ^^ ^ n the shaft 5, enters 

rturea in the shaift, and thence escapes 




to the drum wiU be acted on by the centrifugal force oi ine jvwun^ drum, 
and escape through the perforations into the casing c, in wliicft it is col- 
lected and transmitted by suitable oonamunications to the receptacle de- 
sired. 

The ooafulated matters retained in the dram are removed from the in- 
terior by the brushes A A, and conducted by the coziical hotUym of the drum 
into the lower part of the shaft, with which these are in oommunicatioa 
The lower part of the shaft b is furnished with a stop-oock k, which is 
opened oocasionally on an accumulation of ooagulatea matters taking 
place ; these matters are permitted to run out by stopping the machine, 
■n order to allow ^em to descend from the periphery of the dram to the 
lower part of the shaft. Hand-holes are made m the lower part of the 
<^^^g. to permit the introduction of the hand, in order to turn the tap k. 
The lower part of the casing also serves as a collector for the coagulated 
inatten, which are conveyed thence b^ suitable communication. In work- 
ing this machine, the casing e will deliver the syrup to a higher level than 
the drum is situate, by reason of the centrifugal ibrce of the syrup ejected 

by it It was before mentioned that the drum-arms were loose on the shaft b ; they "wiH howevtr, 
revolve with the drum, but with additional speed due to the height of fall of the syrup whidi eaopa 
by the apertures 1 1 , as befcH-e mentioned, producing a driving power on the principle of Barko's id3L 
The syrup, having been thus treated, will be conveyed away by a close pipe to a suitable reoephcfci 
and be prevented comings in contact with the atmosphere during the opemtion. 

rhe fifth part of this mvention refers to a variety of modifications of the centrifugal drum apjaratn^ 
for the j>urpos€8 of sugar manufacture, with a view to facilitate or improve the manuftcture, fcr ^ 
application of power thereto, and for the prevention of iniurious results to the buildings in whidiswk 
machraes are placed. Fig. 4068 represents a vertical secfion of a centrifugal drum, in which the nat- 

ted^th^i "^ alone according to the supply of syrup aamit^ 

^y-^P^ 1&riLll/?».'^§"'**^^ >y * st^o^oc/on^he sup- 
SntS^lflm J^^ ^Z**® *^™" ^ " provided with the conicid 
^ntre fliimg-pieoe, as before? Aon^pntriV iTi'fk *k.- ^1^ 
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^PPb^ofsvi^St^^^n^^ which and the centre cone the 

the d^m. TiJf f r!! ^ ^^''°'^° towards the circumference o? 
on a level witK ^St f''®' ?^ ^^"^ *^™™ commence from below, 
must therefore^ri*! ?^^^ f^. "^^ ^^ centre-piece b; the syrup 
*«™ inteiceS^/^,^^ ??' 5?^"* ^^o"^ «°y eW^- The mat- 
oo the fresh eunni ''fT''^ ^^ ^^ ^""^^ ^'U ^ always rest 
^yrupe, havin^^SSl.. rt^fy'yP- '^^^ centrifugal force of the 
matters, which ^^ • **^® ?™^' ^'^^ ^^^^ "P the separated 
o£^ and recei^?? amvmg at the top of the drui4 will be thrown 




TUBE-MAKING MACHINERY. 



«rt B B arfl aU eooc»re, the conc«v. ty of Pf P^l^ ,„ e^ch pair IfJiP ^ P«to- tUu lie «». 
avity of the olher mire, and this concavity "^^f^'™ .^i^Vie. f'*™ iWl 3.6 lart. io rtid, ite 
two concaTitiee of the roUer, form together » cirda The P^^P^'"^* of ife two roJIan CC ut difc 
ent from each other ; that i- one of t£em. »« C.ie convey and tie other. 0', i. cooan^The 1™«2 
of the vertical J,afu' D D. '^.u.g tbe «.Uera C C, -vdva «j^p^ E' E-, -rSTj^^,^ 
thereby .upporU the weight o/therr. and th« rpUer^ ,„^^ /""^"L '^ g^^Htgcther bfsU'ib^ 
and the requuite rol-ry motion u given to them and ^ . the roUsra B b tj tnj- weU taoWZd » 
nieot nieaiUL Q roprwenta U.« plate or okelp of metal ui the procew of W bent and Toimed in 



tube. The flat skeip U previou^y heated in a suitable furnace, and then piwed throuirh the dwUk. 
firit between the convex and concave roUera C C , by whicli Jt u bent from its prerioua flat /™ S 
WBume. that of the perfpheries of the rollers, being aboat semi-cyljodrieaJ, of couiiderBbly laigtr diu- 



ta lie plate or alcelp ol mel*l ui "'"f™*M of bein^ bent and fonned . 
■eviou^y heated in a suitable furn-wL "i-l .1-- _ ^ . . 
uid concave roUera C C, by whid 

,— rJeries of the rollers, being aboat sei 

etororradiiK than that of the intended tube, and then passefl ^ ».= »>, houi^ raj,, 

B B, by which the oikes of the skelp become further bent rountt and begin fa airoroacfa eadi odm lol 
Ihia rounding gtadually bobs on in the pewutge between the remaining psi™ of roUera. In nwii^ 1» 
^een the second pair of ^D^B™, the edges are caused to approach nearer tether ; the idiao of tb 
^rd pair brings ate edges ioto contact, and the Lut pair efkcU the doaog v welding of Ihejtat 
When the whole ftirmatiDa of the tube is intended to be effected at one operation of the macluDe, u ■ 
Dacetsary that the skelf should be at a w^ldiiw heat when passed into. the madiina Tbia itrHlk 
■eet^ that at one operation of the machine, the nat plate or aCelp will be hent up to the cylindrittl Inn, 
the joint welded un, and the perfect tube produced at one heat of metal This result, bowarer, aunt 
always be obtained, as when verv thin plates or sbelps are used for the manufacture of tubes. Is ihk 
aise the metal cannot be retained at a welding heal eufficicDtly long to insure a perfect jundixi odlc 
edges of the skelp at the last pair of mllei^ therefore the sbelp is bent ap to the tabular finn, sol d« 
"S* brought together at the first operation, preparatory to the welding procew, which the patnte 
then effecte by passing it, at a welding heat, between the roilerB of a aecood machine of similar «nlia- 
tioo to that previously described, but not having any roUera similar to those, C C. Tie rollers BBui 
■Mnetjniee arranged m vertical poeitions, instead of horizontal, as described ; the roUera C C will lib- 
wise bo reversed m their position, but their actico on the ekelp and the result will be preoiel? ik 
■Mne •■ by the first arrangements. 

«lZ^ r^'.J^P"''^'"^'?' ?™*"'' '" the means of mannfactarinj taper tubes. Tlie michiwrrm- 
SS^ !Z, P""^^ " i^t '"^" " ""* previoBsljr described for Joannfactoring cjliodridl ate 
exMpt uiat one or more of the pairs of rollem employed, instead of having their grooves raoljr, uj 
de^H^n '^".'«'"^' J^" rt^'e '•r tieir peripheric; s7e touned of varySg siie^ either iS™i« 
creaswg diameter. Oneof the roUors is represented in «^od. Kg. «78,^which show, tbeb^ oTik 



Sie size of tbT-.^ "^ **^ prooaedinir from the a 



TALVES, BALAIfCED. 



catdk being proTided to ac. 

coiled along the apiral gioa 



a it, »n<i *» f*® roUera reroTve, the tube ^. 
!8 TT thuB forming tJie spiral tube reuiii,., ™ 



may bo dniwn oflt 

ITia rollergmaybeformedwTlh any required" degree of taper, b--. >, 
isg forms, and tlie spiral grooTes mflj be made so as to produce spin 
ui the piUJi of Uio Bpirals, increasing or decreasing, as required, ^f 
helical tabes, the patentee employa cylindrical instead of taper rr^era, 
with rrnpect to spiral tubea. %y this improved raachina tJjo patentu 
w helical tnbc% m which the direction or the epital or helli stall be ei 
imsia effected simply ty cauaina the straight tube to be coiled d, 
womd eitier <hib or tbe other of the two rollers, the grooves of ooe b, 
i«l-t*nded. and therefore a oorreepondingly formed tube is prodncsi 



4»wn between iIki^ to] 
™ B-heD the Inbe h,, tea, 

oilier BpcntHB. 
' ot etmipaii. 
in^ulu 



Ibredaoiai, 
n&uinrt niii) 
>- leA-hudtiL 
and wrapped 
andtlKo^ 



l^faW ?/*^A^CED— &r»vwm' Improp«n^,, lesi. lis patentee'. nW^ - 
^fiittS*^,'^^ doubl^acUoK steam eng'ii.es of hJanoed "I^^^ °^*^ " * f""™** 
■oble-beat ralyei for the bSanced spindle ral^^ a, «amiiody^(S^S^i.^i^ ?■ ^l*^ 



UoK steam engines of b^anoed Ta]yJ^^Z^,°S^ '" ' ! 
l^Sanced spindle .alv<^ a, oou^o^T^^^'^"^^ ^ « 









s (rained by tJie'*; ,, g' 
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VALVES, BALANCED. 



Fig. 4082 represents a vertical ^f^^^J^/J^'^or£7^^ "^ valFC-Beata 

Fig. 4086 represents a horizontal cross-eection oi tne lower ««u^^^ ^^^^ ^ yalye^ts. Ukm 

*^v!?^n«^ '^''"'''^ ^"^ ''^ ""^ ^f^l^^lw of the lower steam-chest 
Fig. 4087 represents a honzontal view ^J^y*^,,^ „;,^. ♦«ir*»n th.v^ , 

Fig. 4088 represents a verUcal secUon oftbe «^fgP^'^;™ 

In the draw&ga, a is Uie lower steam-chest ;J is the ""P^J^^^^e^; c and . are tie sidt^t«. 
leading respectively to the boiler and condenser ; cT and rf are tiie open^ ^^ ^ side-pipes into the 
cylinder nozzles ; <? is the opening into the condenser. *- *^ 

A A represents the two Steam-valves, differing but httl^ if any, from theComish valve; latnda 
represents the two exhaust valves, showing the alterations made to adapt them to the position in whk6 
they are phiced relaUvely to the steam-passagea in ihe first pJace we will describe thedifferent pun 
of the Cornish valva 

ftLadfaire respectively the lower and upper seats, the upper seat hemg jbnned on the eizcumferezHe 
of a disk supported by a cross ; ^ff, cast in the centre of the rmg^, forming the lower seat; the valrei 
is formed by a hollow cylinder, the lower part of which being turned in, as ahown, Ibrais the Talrt 
face t ; that rests on the seat/*, and the upper part also turned m, fonns the valve-fiu» i ; that rests a 
the seat/; ^ Ar are ribs cast on the inside of the valve to guide it; / is a cross by which the valrei 
hfted by the valve^tem. 
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The steamvalve A, ^us drown and described, do«s not differ materially, if in any leroeet ihni 
Comish double-beat valve ; and we have been thus particular in describing it in order to ezpkintbe 
*°^%,"l ^""u ^ 'T^^ **» . alteration constituting £e material part of the invention. 

It wiU be observed by a reference to the drawings that the position of the exhaust-valve with rawd 
to the steam-passages, and also with regard to the direction in which it is opened, is sudi that if ihSi 
Tp^lfJ^ fif ^r ^*^''^^'"A ^^^^^ the pressure of the eteam would force it from its seat It a 
S^^WL^?^ S "" ''^^J^* ^"^ ^*^^« «^ ^ retained on its seat by the pressure oftheste^n^ 

ws^'tLnt'^^pe^^^^^ "»- «^ ,^« >7 ^^rb' "^^t^ 

to the v«I,r» fi^^Jnir.h^ITJ^ ■ *? ^""cn the steam passes. In order to eflect this, a nog n ittsiW 

Sere i8^'r^jrS,^i.lff''l?.'^';.*?* •"""« """t. this ring being smaller in diameter&n thedH; 

t«eU,er^i-^M^^ *»«h»d«k. formiog the Jailer ,eit We are thus enabled to pot the nlte 

'^d^ly by B^tb^^"' "^ ^JZ!it^ dxBk, »,Si then by attaching the laiKerringtothedi^ 

The fa^e of Zi3ir1 ^■'^* *"'*'" *? ^'^ i^ attaching it to the emaUer ring. 
iVely by n anH TLl^J having respectiTely the smaller and huger diameter are repieseDled respeet 
Jfonned in two ri«^ h*i^ the seats o and o' ; ^ i, the disk supported by the cross o. •Oe^na 
the disk is ali£ fi^ ^ oolUag it to the ring r, on the edge of which the snaaller valve-ace s b Am; 



